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ILE improved management of acute vascular injuries, established during the 
Korean Conflict, represents one of the most outstanding achievements in the 
realm of war surgery. Although the incidence of amputation of a limb sustain- 
ing a major arterial interruption has been reduced from 49 to approximately 
15 per cent, this does not fully demonstrate the value of initial vaseular re- 
pair. ** Many patients are now using a functionally adequate limb which in 
former years would be, at best, simply a viable limb. Ilowever, few methods of 
management, regardless of how physiologically conceived or technically per- 
formed, are entirely satisfactory and this is especially true when considering 
battle casualties and the problems associated with them. 


MATERIAL 


During the period from August, 1952, to December, 1953, a total of 115 
patients had initial major arterial repairs performed in Korea and were studied 
subsequently at this hospital. They represented only those patients who did 
not later require amputation of the involved extremity. All who required ampu- 
tation prior to evacuation from the Far East have been previously reported and 
were excluded from this survey, since our prime purpose is to evaluate the ulti- 
mate status of the vascular system in those patients who were considered suecess- 
fully treated. To this extent the findings are selective in nature, but they do 
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emphasize several important points. Probably their greatest value is that they 
demonstrate that the results have not been perfect and much additional experi. 
mental and clinical investigation still needs to be done. 

Functional vascular surveys were performed on all patients and consisted 
of (1) gross physical evaluation of the blood supply to the limb, (2) pulsations 
in the peripheral arteries, (3) oscillometrie and skin temperature studies, (4) 
exercise tolerance tests, (5) arteriography, and (6) visualization of the vascular 
repair if the limb was operated upon because of associated nerve, bone, or soft 
tissue damage. 
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Fig. 1—A, Pulses obtained in presence of a patent or occluded arterial repair. B, Peripheral 
pulses following arterial repair thrombosis as compared to location. 


RESULTS 


In the great majority of patients, an adequate blood flow and a patent 
arterial repair could be ascertained by simple physical examination of the ex- 
tremity and palpation of the peripheral pulses (Fig. 1). On this basis, 87 pa- 
tients were considered to have a functionally adequate circulation with a patent 
major arterial repair. Peripheral pulses were palpable in 93 patients, but in 
6 of these the pulses were markedly diminished and were believed due to eol- 
lateral cireulation. This was later substantiated by arteriography. In 5 pa- 
tients, peripheral pulsations equal to those in the uninvolved extremity were 
recorded. However, in each instance thrombosis of the major channel was 
demonstrated by further study. Despite this occlusion, the collateral circulation 
was extensive enough to prevent any evidence of arterial insufficiency. In 22 
patients no peripheral pulses were demonstrated and each was proved later to 
have a thrombosis of the arterial repair. Thus, of 33 patients with proved 
thromboses, 22 had no peripheral pulses, 6 had markedly diminished pulses, and 
5 had exeellent pulses. As would be expected from the known area of greatest 
collateral circulation, only 7 (43.8 per cent) of 16 patients who had upper ex- 
tremity occlusions had no peripheral pulses, 5 (31.2 per cent) had diminished 
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pulses, and 4 (25.0 per cent) had excellent pulses. In the lower extremity, where 
the collateral circulation is much less adequate, entirely different results were ob- 
served. Of 17 patients with arterial occlusion, 15 (88.2 per cent) had no pulses 
while only one each had diminished or excellent peripheral pulsations. 


Fig. 2. 


Fig. 4. Fig. 5. 


Fig. 2.—Arteriogram demonstrating a satisfactory repair of the popliteal artery. There 
is only minimal constriction at the suture line. 

Fig. 3.—Arteriogram on a patient with 3 repairs in the same limb (2 femoral, 1 pop- 
liteal). There is some constriction and irregularity of the arterial channel. The functional 
result is excellent. 

Fig. 4.—Arteriogram of adequately functioning autogenous vein graft in low femoral 
artery. The graft diameterwise matches the normal artery quite well. 

Fig. 5.—Arteriogram of_the femoral artery on a patient whose artery was not damaged 
but had traumatic spasm. Treated by periarterial stripping and topical papaverine applica- 
tion. There is some scarring and constriction in the involved area but an adequate blood 


flow. 
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Oscillometrie and skin temperature studies proved to be of little additiona| 
value in determining the adequacy of the circulation. With few exceptions the 
oscillometrie readings corresponded closely to the palpable peripheral pulses. I), 
several patients severely depressed readings were obtained in the presence o/ 
rather good peripheral pulses, but in each instance the vascular repair was show) 
to be occluded. In almost all patients with patent arterial repairs, the readings 
from the affected limb were either equal or only slightly depressed as compared 
to the uninvolved extremity. The room temperature thermocouple studies, on 
the other hand, showed no correlation with the status of the major arterial 
channels. 


Fig. 6.—Arteriogram of a patient with a thrombosed femoral artery as the result of 
constriction at the suture line. Despite the tremendous collateral circulation, no distal pulses 
were palpable and the patient complained of symptoms of arterial insufficiency. 


An interesting observation was made in the exercise tolerance tests. Several 
patients with patent arterial repairs were observed to have a paradoxical re- 
sponse to exercise. In these, the oscillometric deflections decreased rather than 
increased. By arteriography, marked constriction was observed at the repair 
site. One might postulate that constriction and tension at the suture line act 
as an irritating factor during exercise and results in reflex vasospasm with 
diminution of the arterial inflow. Such a factor might well counteract the value 
of the repair and eventually lead to thrombosis at that site. Similar instances 
have been observed in patients with arteriovenous fistulas repaired under tension 
and with excessive constriction. If this conclusion is true, it would suggest the 
inadequaey of determining functional capacity on the basis of arteriography or 
tests performed at rest. It would also indicate the importance of avoiding any 
significant degree of tension or constriction at the suture line during perform- 
ance of the vaseular repair. 
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Arteriography was performed on the great majority of patients studied 
and proved to be the best method of evaluating the status of the repair. All 
injections were made percutaneously using either 70 per cent Diodrast or Urokon 
as the contrast media. Hight roentgenograms were taken at 0.8 second intervals 
with the Sanchez-Perez rapid cassette changer. Using this technique, demonstra- 
tion of the arterial repair was excellent (Figs. 2-5). It also permitted adequate 
visualization of the collateral circulation and the configuration of the distal main 
artery in those patients in whom thromboses had developed (Fig. 6). 
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Fig. 7.—Incidence of thrombosis as compared to type of repair. 

Fig. 8’.—Causes of late thrombosis. 


Of the 115 patients studied, occlusions were found in 33 (28.7 per cent). 
This rate, based on the results of several hundred vascular repairs performed in 
this hospital for other lesions, was far higher than expected.t However, this 
figure loses some of its significance when it is remembered that not one patient 
in this entire series lost any part of a limb as a result of arterial damage. Since 
most patients who were shown to have a late thrombosis had good peripheral 
pulsations prior to evacuation from the Far East, it ean be assumed that the 
repairs functioned at least long enough to preserve the viability of the limb. 
Further analysis of this group of patients by type of repair performed re- 
vealed statistically significant differences between the proportions developing 
late thrombosis (Fig. 7). Occlusion oeeurred in only 18.8 per cent of direct 
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Fig. 9.—Incidence of thrombosis as compared to time lag. 
Fig. 10.—Incidence of thrembosis as compared to size of initial wound encountered. 
Fig. 11.—Incidence of thrombosis as compared to location (extremity). 
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33.3% 


Combined 


Fig. 12.—Incidence of thrombosis as compared to location (vessel). 
Fig. 13.—Incidence of thrombosis as compared to bone and/or nerve damage. 
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anastomoses as compared to 44.4 per cent of lateral repairs, 47.4 per cent of 
autogenous vein grafts, and 71.4 per cent of homologous artery grafts. With the 
exception of the lateral repairs, these figures are difficult to explain. Here, 
thrombosis was probably the result of inadequate arterial débridement and it was 


Fig. 14. Fig. 15. 


Fig. 14.—Retouched arteriogram on patient with occlusion of a primary femoral artery 
anastomosis. Thrombosis has extended, both proximal and distal, to the region of a major 
collateral channel. 


Fig. 15.—Late arteriogram on the same patient depicted in Figs. 14 and 16 demon- 
strating the adequate size and function of the secondary grafting procedure. All symptoms 
of insufficiency were relieved. 


Fig. 16.—Photograph at operation demonstrating the arterial continuity restored by a 20- 
cm. autogenous saphenous vein graft. 


felt that this method of management should rarely, if ever, be used.’ The dif- 
ference in thrombosis rate between the vein graft and the artery graft is not 
understood. In chronic vascular lesions, such as fistulas, aneurysms, and seg- 
mental arterial blocks, either type graft can be employed with equal success. It 
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is fair to state, however, that from the results thus far obtained, the artery grat 
should not be employed in battle-injured arteries unless an adequate vein grat) 
is not available. 

Since an over-all incidence of thrombosis of 28.7 per cent was much higher 
than expected, an attempt was made to analyze the possible causes without eon- 
sidering the type of repair performed. Several factors were uncovered, but they 
failed to provide a cause in the majority of patients (Fig. 8). In 21 (63.6 per 
cent of all patients with thromboses), there was nothing found which could have 
explained the late failure of repair. In the remaining 12 (36.4 per cent), a 
definite predisposing cause was found. Tension and constriction at the suture 
line were implicated in 15.2 per cent (5 cases) of the patients. Infection was re- 
sponsible in 12.1 per cent (4 cases), secondary hemorrhage in 6.1 per cent (2 
eases), and use of a damaged vein as a graft in 3 per cent (1 case). From this 
it can be seen that all known causes were the result of technical errors which 
could have been prevented. 

A study was then made of all patient with thromboses to see if there was 
any correlation with some of the factors which influence the initial repair. These 
factors are (1) time lag (Fig. 9), (2) wound size (Fig. 10), (3) wound location 
(Figs. 11 and 12), and (+4) associated bone and nerve damage (Fig. 13). The 
results seem to indicate that time lag and wound size may be of some importance, 
but in no instance was there any statistical correlation. The presence of an asso- 
ciated bone or nerve injury would appear to ereate a situation which would pre- 
dispose to an inereased incidence of thrombosis, but again the figures did not 
substantiate this impression. 

Finally, let us consider the functional results in the 33 patients who had 
occlusion. Sixteen occurred in the upper extremity. It has already been demon- 
strated that, because of the excellent collateral circulation that exists in this 
area, symptomatic arterial insufficiency was unusual. Only one patient required 
additional treatment which consisted of a secondary repair of the artery with a 
vein graft. More serious problems were encountered in the 17 patients with 
thrombosed arterial repairs in the femoral and popliteal areas. Only 3 (17.6 
per cent) were asymptomatic and 2 of these had excellent distal pulses, despite 
the major vascular occlusion present. Three other patients were never com- 
pletely evaluated because of associated injuries. The remaining 11 patients 
(64.7 per cent) had definite symptoms of arterial insufficiency. In each instance 
a secondary vascular repair employing a vein graft was believed indicated. Two 
patients refused treatment and one had a thrombosis extending into the posterior 
tibial artery which precluded any attempt at arterial restoration. In 8 patients 
(72.7 per cent) of those with symptomatic insufficiency, the occluded segment of 
vessel was excised and the major channel was restored by means of an autogenous 
saphenous vein graft (Figs. 14-16). These varied from 14 to 32 em. in length. 
In each instance the symptoms of insufficiency were relieved and a functionally 
viable limb resulted. 


SUMMARY 


1. One hundred fifteen patients with arterial repairs performed in Korea 
and who did not lose a limb were studied at Walter Reed Army Hospital. 
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2. Complete organic and functional vascular surveys were performed on 
all patients. 

3. Accurate physical examination was sufficient to determine the status of 
the vaseular system in the majority of patients. 

4. By arteriography, late thrombosis was found to have oceurred in 33 
(28.7 per cent) of the patients, but in no instance did this require amputation 
of a limb. 

5. Thrombosis occurred in 18.8 per cent of direct anastomoses, 44.4 per cent 
of lateral repairs, 47.4 per cent of autogenous vein grafts, and 71.4 per cent of 
homologous artery grafts. 

6. In 63.6 per cent of the patients with thromboses, no etiologie basis could 
be found for the failure. 

7. The factors which could be implicated were, in the order of importance, 
tension and constriction at the suture line, infection, secondary hemorrhage, and 
use of a damaged vein as a graft. 


8. Time lag, wound size, wound location, and associated bone and nerve in- 
jury could not be correlated with the incidence of thrombosis. 


9. Following thrombosis of the vaseular repair, symptoms of insufficiency 
were almost entirely limited to patients with lesions in the lower extremity. 

10. Eight patients (72.7 per cent of those with symptoms of insufficiency ) 
had arterial continuity restored by a secondary grafting procedure with excellent 
results. 
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DISCUSSION 


DR. ROBERT SHAW (Boston, Mass.).—I would like to add one small observation 
in support of Dr. Jahnke’s suggestion that better long-range performance might be ob- 
tained with autogenous vein grafts than with homologous artery grafts. We have recently 
obtained 4-year follow-up data on the small series of end-to-end femoral artery grafts which 
Dr. Wheelock and I presented at these meetings in 1954. Follow-up was obtained in 5 
of the venous autografts and in 9 of the arterial homografts. All but one of the homo- 
grafts have thrombosed in this interval and all but one of the autografts still remain open. 
I now feel that short peripheral arterial defects such as are apt to be encountered in trau- 
matie lesions are best handled with venous autografts. However, the use of venous auto- 
grafts to bridge the long arterial defects that one encounters in atherosclerosis has given 
such a low initial success rate in our hands that we cannot recommend it. 
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CIRCULATORY BYPASS OF THE RIGHT HEART 
III. Some OpservaTions ON LONG-TERM SURVIVORS 
SHERWIN B. NuLanp, M.D.,* W. L. GLENN, M.D., anp 
H. M.D.,** New Haven, Conn. 
THE PROBLEM 


ERTAIN defects of the heart, characterized by ineffective transport of 

venous blood from the systemic cireulation to the pulmonary artery and not 
correctible by present closed or open surgical techniques, might be remedied 
by a procedure designed to bypass the cireulation around the right heart 
(Table I). 


TABLE I. ConbITIONS THAT MIGHT BENEFIT FROM RIGHT HEART BYPASS 


A. Involving heart: 
Tricuspid atresia 
Hypoplasia of right ventricle 
Ebstein’s anomaly 

B. Involving pulmonary artery 

Pulmonic stenosis with or without 

Single ventricle 
Bilocular heart 
Transposition of great vessels 

C. Involving vena cava 
Anomalous insertion into left atrium 
Obstruction, congenital or acquired. 


Essential to the consideration of a direct anastomosis between the vena 
eava and the pulmonary artery is a knowledge of the pumping action of the right 
ventricle. 

Riley and eco-workers'® found that the normal mean pulmonary artery 
pressure in the resting human was, on the average, 13 mm. Hg. On exercise 
the pressure fell somewhat, probably as a result of an inereased intrathoracic 
negative pressure consequent to hyperventilation. The ealeulated pulmonary 
vascular resistance was also found to decrease on exercise. Dexter and associates® 
found a similar mean resting pulmonary artery pressure in the human and 
noted that a gradient of only 6 mm. Hg was needed to propel the blood from the 
pulmonary artery to the pulmonary capillary bed. These basic observations in 
the human provide a theoretic foundation for the hypothesis that, given a normal 
pulmonary arterial resistance, it may be possible to maintain a sufficient pressure 
in the great veins to adequately perfuse the pulmonary cireulation. It is neces- 
sary, however, to determine the consequence of an increased volume of blood 
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maintained in the venous bed, particulary as it relates to immediate survival. 
Also, the effect of a continued elevation of peripheral venous pressure on edema 
formation, lymphatic drainage, and organ function must be determined. 


BACKGROUND 


Starr and co-workers?®? and Bakos! performed experiments on dogs in 
which about 75 per cent of the right ventricular musculature was destroyed by 
cautery. These investigators failed to demonstrate a rise in the peripheral 
‘enous pressure following this procedure. Bakos, in addition, demonstrated 
iat there was no fall in pulmonary artery pressure. However, he showed 
that, due to a continuity of individual cireumscribing muscular bands between 
the 2 ventricles, contraction of the normal muscle of the left ventricle resulted 
in a constriction of the cauterized right ventricle as well. 

Rodbard and Wagner?® performed an anastomosis between the right 
auricular appendage and the main pulmonary artery, thus bypassing the 
pumping action of the right ventricle. They were able to demonstrate a flow 
of venous blood from the auricle into the distal pulmonary artery when the 
venous pressure in the right atrium was 9 to 14 em. of saline. 

Jamison and co-workers," in the course of a study on ventricular fibrillation, 
perfused the systemic arterial circulation with the aid of a mechanical pump 
as a substitute for the left ventricle. They found that with arterial pressures 
ranging between 120 and 205 mm. Hg the blood could be driven from the 
systemic arterial circulation through the systemic capillaries, the fibrillating 
right heart, the pulmonary circulation, and back to the left atrium. These 
workers came to the conclusion that the left ventricle is capable of driving 
blood through both circulations without the intervention of the right ventricle. 
Rose and associates*? repeated this experiment using a mechanical left ventricle 
of controlled constant output and found that the normal blood flow through the 
nonfunctioning right heart could only be maintained under conditions of 
hypervolemia and marked venous hypertension. 

Rose and co-workers”! also performed experiments in which they attempted 
to shunt the entire venous return past the right ventricle directly into the 
pulmonary artery. They were unable to demonstrate survival of the animals 
for more than a few minutes after exclusion of the pumping action of the 
right ventricle, and they concluded that ‘‘there was no evidence that the total 
circulation could be maintained when the right ventricle was acutely bypassed.” 

Warden, DeWall, and Vareo*® independently studied animals in which 
they had performed an anastomosis between the right auricle and the main 
pulmonary artery, after previously producing tricuspid stenosis. They re- 
ported a few survivors. In the animals that died, the degree of tricuspid 
stenosis was usually marked but not complete. It is possible that the right 
ventricle, in these animals at least, still participated in the delivery of the 
venous return to the pulmonary artery. In the animals that survived operation, 
these workers showed that the elevated right auricular pressure developing 
subsequent to the creation of tricuspid stenosis could be decreased by making 
an anastomosis between the right auricle and the pulmonary artery. 
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Hurwitt’® has reported the bypass of the right ventricle by auricula: 
appendage to main pulmonary artery anastomosis in a moribund child witi: 
tricuspid atresia. The patient did not survive the procedure. 

Glenn and Patino® reported experiments in which a partial bypass of the 
right heart was successfully completed by anastomosis of the superior vena cava 
(SVC) oceluded at the right atrium to the distal divided end of the right pul- 
monary artery (RPA). They were able to show a prompt fall in pressure in 
the oceluded SVC after opening the shunt between it and the RPA. Further 
experiments by Patino and eco-workers'® demonstrated that pateney of the 
SVC-RPA shunt could be expected to persist in the majority of animals. 
Suecessful shunts from the inferior vena cava (IVC) to the distal divided 
end of the RPA were also reported. 

Shumacker, in a discussion of Hurwitt’s paper, has mentioned similar 
experiments and has attempted right heart bypass by caval-pulmonary artery 
anastomosis in several desperately ill infants without success. 

Robiesek and co-workers’® reported a series of 15 experiments in which they 
performed end-to-end superior vena ecaval-right pulmonary artery anastomosis. 
Survival experiments were reported and studies were made on venous pressure 
in the superior vena cava and blood flow through the anastomosis. 

The purpose of this report is to record further experiences with the bypass 
of the right heart when either the SVC-RPA or the IVC-RPA shunt was eon- 
structed. Particular reference will be made to certain observations on long-term 
survivors. 

TECHNIQUE 


A total of 75 dogs have undergone anastomosis of the superior vena cava 
to the right pulmonary artery. In all but 7 of these the method utilized was 
that shown in Fig. 1, namely, anastomosis of the distal end of the divided right 
pulmonary artery to the side of the superior vena cava, utilizing the central 
stump of the divided azygos vein as an anastomotie channel. In the remaining 
7 experiments, an end-to-end shunt was ereated central to the azygos vein, as 
illustrated in Fig. 2. 

Forty-six dogs have undergone anastomosis of the inferior vena cava to the 
right pulmonary artery. This has been earried out in 3 ways. One method, 
illustrated in Fig. 1, was to anastomose the distal divided end of the right 
pulmonary artery to the side of the inferior vena eava below the right atrium. 
The eava was then ligated at its junetion with the atrium, thereby completely 
diverting its blood flow into the right pulmonary artery. It was frequently 
necessary to earry out a right middle lobectomy to avoid kinking or distortion 
of the artery. <A second technique (Fig. 3), and the one most frequently 
used, was to anastomose the distal stump of the right pulmonary artery to the 
side of the right atrium just above the entranee of the inferior vena cava. This 
portion of the atrium was then divided between clamps and the eut edges were 
sutured closed. The caval blood was thereby made to pass through a short tunnel 
of atrium before going into the pulmonary artery. Another method utilized 
was the anastomosis of the inferior vena eava to the right pulmonary artery 
by means of a homologous arterial graft (Fig. 3). 
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Fig. 1.—Methods of circulatory bypass of the right heart, utilizing caval-pulmonary artery 
anastomosis. 
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Fig. 2. Fig. 3. 
Fig. 2.—Supplementary techniques for SVC-RPA shunt. 
Fig. 3.—Supplementary techniques for IVC-RPA shunt. 
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Representative results are shown in Fig. 5. 
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It was not possible to obtain accurate blood pressure recordings in the 
inferior vena cava at the time of the IVC-RPA shunts due to the precarious 


Long-term follow-up studies on the vena caval pressures were carried out 
condition of many of these animals and the prompt fall in systemic arterial 
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Fig. 4.—Venous pressure determinations in ligated SVC before and after opening of SVC-RPA 
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SVC-RPA SHUNT 
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Fig. 5.—Studies of superior vena caval pressure in long-term survivors of SVC-RPA shunt. 
A.C., anastomosis closed; A.O., anastomosis open. 


Fig. 6.—SVC-RPA shunt. Postoperative angiograms made at 10 weeks (left) and 31 
months (right). Reproduction of second angiogram is not as satisfactory as first, because 
approximately one-half the amount of dye was used in the former. However, it was ap- 
parent from the original films that all the branches of the pulmonary artery filled and that 
there was no evidence of further dilatation of collateral venous bed. 
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in a control group of animals in which the IVC was acutely occluded at the 
right atrium but where no IVC-RPA shunt had been made. In 8 such contro! 
animals the average pressure above the diaphragm in the oecluded IVC was 
found to be 200 mm. of saline. 

Venous pressure studies carried out in long-term survivors of the TVC-RPA 
shunt showed pressures in the IVC for extended periods of 150 to 180 mm. of 
saline. 


Fig. 7.—Experiment No. 15. Angiogram made one month following IVC-RPA_ shunt. 
Note that the hepatic veins and the ligated azygos vein are filled and some dye is passing 
through the paravertebral venous plexus and into the superior vena cava. 


Angiography.—To illustrate filling of the pulmonary vascular tree through 
caval shunts postoperatively, angiography was carried out by injecting contrast 
medium into the vena cava, usually through the jugular or femoral veins. 
Excellent angiograms were obtained when attempted in all SVC-RPA experi- 
ments. In addition to visualization of the blood flow through the lungs, throm- 
bosis in the cava or involving the anastomosis, kinking of one of the branches 
of the pulmonary artery, and the development of the collateral circulation 
could be detected. Early in our experience 70 per cent Diodrast was used as 
the contrast medium in the dose of 1 to 2 «ce. per kilogram of body weight. 
This drug in this dosage appeared to be toxic to some of the animals, and a 
number of them died immediately thereafter. More recently we have employed 
50 per cent Hypaque, 1 e.c. per kilogram of body weight. The detail of the 
films is not as good, but no deaths have occurred following angiography. Fig. 
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6 illustrates 2 angiograms made of experiment No. 1. As in other similar 
experiments, after an initial expansion of the venous bed, there did not appear 
to be a progressive enlargement of the collateral venous circulation. 

Angiograms of the IVC-RPA shunts were considerably more difficult to 
interpret. Dye injected into the femoral vein or directly into the inferior 
vena cava seldom passed into the right lung in sufficient concentration to 
outline the pulmonary vasculature clearly. Prompt filling of the azygos system 
nearly always occurred and filling of the left pulmonary artery with dye from 
the SVC was often more evident than filling of the right pulmonary artery 
from the IVC. Occasionally good visualization of the TVC-RPA shunts was 
obtained, as shown in Fig. 7. 


Fig. 8.—IVC-RPA shunt. Vinyl plastic cast of pulmonary vascular tree, posterior view. 
Arrow points to anastomosis of RPA to atrial tunnel. Impression of atrial tunnel suture 
line oe be seen between arrow and IVC label. Cast made after sacrifice 15 months post- 
operative. 


Plastic Casts—To supplement the angiograms, vinyl plastic easts were 
made of the pulmonary vascular tree of a number of these animals after 
sacrifice. This was accomplished by injecting the plastic material into the cava 
under pressure and allowing it to harden, after which the vascular structures 
and pulmonary parenchyma were dissolved away with acid. Fig. 8 is a 
photograph of a cast made of the shunted lung of a dog that had undergone 
IVC-RPA anastomosis 15 months before. 
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Flow Studies——The following technique, based upon the direct Fick prin- 
ciple, was used to determine the amount of blood actually flowing through the 
shunts. Under light Nembutal anesthesia both eavae and a femoral artery were 
cannulated using polyethylene tubing. After preliminary bronchoscopy a 
modified Van Allen double lumen ecannula”* was passed into the trachea. The 
inner lumen tube was then advanced under direct vision into the left main 
stem bronchus and secured in place just beyond the carina, so that all left lung 
respiration passed through it. All right lung respiration passed through the 
outer lumen tube, which lay in the trachea. The expired gases were collected 
separately in Douglas bags and analysis was carried out to determine the 
oxygen uptake of each lung. At the exact conelusion of air collection, a blood 
sample was obtained from each of the 3 cannulated vessels and analysed for 
oxygen content. The superior (or inferior) vena cava sample was, in addition, 
analysed for oxygen capacity. The ealeulation of the shunt flow for animals in 
the SVC-RPA series was made from these formulas: 


C. O. = O. t 
FA, — SVC, + 2xIVC, 
3 
FA, -SVC, 


C. O. = Cardiae output 
O, t — Total oxygen uptake by both lungs 
O. R = Oxygen uptake by right lung 


FA, = Oxygen content of femoral artery blood 
SVC, = Oxygen content of superior vena cava blood 
IVC, — Oxygen content of inferior vena cava blood 
RPA = Right pulmonary artery flow 


To caleulate flows in animals in the IVC-RPA series, one need merely inter- 
change the caval values in the formulas. 


As noted, the oxygen content of the mixed venous sample for the estimation 
of cardiac output is determined by adding the content of the superior vena 
caval blood to twice that of the inferior vena caval blood and dividing the sum 
by 3. This formula was used because in pilot studies it was found that approxi- 
mately one third of the total cardiac output would flow through the shunted 
lung. The use of the femoral artery blood oxygen content in place of direct 
sampling of right pulmonary vein blood in the formula for determining right 
pulmonary artery flow is based upon the assumption that blood is equally 
saturated by both lungs, and therefore either pulmonary vein sample would 
very closely approximate the femoral artery sample. Since there is no arterio- 
venous shunting in these animals this is a reasonable assumption to make. 

In an attempt to determine the approximate degree to which the shunted 
eaval blood was being oxygenated, the femoral artery oxygen content was 
divided by the capacity of the blood sample drawn from the shunted eava, 
and this figure, expressed as a percentage, is shown in Table II, as are the results 
of all flow studies. The peripheral arterial saturations for the entire group 
were found to average 96 per cent, excluding the one experiment in whieh 
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thrombosis of the anastomosis was found at subsequent autopsy. A control 
study of 3 normal unoperated dogs, with cannula in place, as deseribed above, 
also revealed an average saturation of 96 per cent and an average right lung 
flow of 54 per cent. 


TasLeE II. SHunt FLow EXPRESSED AS PERCENTAGE OF CARDIAC OUTPUT 


PERIPHERAL 
POSTOPERATIVE SATURATION FLOW 
EXPERIMENT TYPE (MONTHS ) (PER CENT) (PER CENT) 

1 SVC 31 94 30 
131 SVC 14 98 31 
155 SVC 4 94 44 
159 SVC 3 98 37 
160 SVC 2 91 42 
162 SVC 3 80 13* 
103 IVC i 90 39 
140 IVC 12 98 on 
152 IVC 13 100 35 


*Anastomosis found thrombosed at post mortem 2 weeks later. 


Thrombosis—Fourteen of the 55 animals surviving SVC-RPA shunt 
longer than one day were found at autopsy to have thrombosed anastomoses, 
and an additional 7 had a partially occluding thrombus in the SVC. There 
was no ease of death due to thrombosis in the entire series of dogs subjected 
to IVC-RPA anastomosis. 

The cause of thrombosis in most eases could be attributed to technical 
reasons. In many instances repeated needle punctures of the SVC just above 
the anastomosis were made for venous pressure or blood gas studies. The 
majority of the shunts were made by men who were just beginning their 
training in vascular surgery. The end-to-end SVC-RPA shunts frequently 
thrombosed probably due to a great diserepaney in the size of the respective 
vessel lumens. In only 4 of the 21 instances of thrombosis was it not possible 
to aseribe a cause which was probably preventable. 

Pleural Effusion—One of the most consistent findings in this study was 
that many of the long-term survivors of SVC-RPA anastomosis developed a 
significant pleural effusion. This was found present in 35 (65 per cent) of the 
55 dogs. In 16 of these 35 the effusion was associated with thrombosis of the 
anastomosis, but in the remaining 19 it oeeurred in the presence of a patent 
shunt. There were no demonstrable differences in superior vena caval pressures 
at operation between those animals that developed an effusion and those that 
did not. Approximately three-fourths of the effusions were grossly chylous. 

Four of the animals that developed chylous effusions were subsequently 
subjected to thoracic duct ligation at a level between the eighth and twelfth 
vertebrae on the right side. In 2 of these the effusion promptly disappeared. 
The rate of effusion was markedly diminished in a third animal which by 
angiography and at post mortem was shown to have a severely constricted 
anastomosis. The fourth animal had developed a chylous effusion for the 
first time after ligation of the inferior vena cava. Thoracie duet ligation failed 
to eontrol the ehylothorax in this animal. 

Thoracie duct ligation at the time of SVC-RPA shunt was earried out in 8 
experiments in an attempt to prevent chylothorax. All of these animals were 
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followed for at least one month. Two animals developed no effusion, 5 developed 
a chylous effusion, and one a serous effusion. 


Ten of the long-term SVC-RPA survivors that were free of pleural 
effusion underwent, between 2 and 32 months after operation, ligation of the 
inferior vena cava just beneath the renal veins to determine whether this 
might, by collateral venous return to the superior vena cava, result in increased 
flow through the anastomosis. Six of these 10 animals, within a period ranging 
from 3 weeks to 4 months postligation, developed a pleural effusion which was 
chylous in 4. Fig. 9 is a study of an animal whose effusion was controlled by 
thoracie duct ligation, only to have it recur when the inferior vena cava was 
tied off some months later. It should be noted that these 6 dogs are the only 
ones in the series in which pleural effusion recurred once it had stopped. Of 
the 4 animals that did not have recurrence of effusion after the IVC was ligated, 
2 were done very late in the postoperative period (15 and 32 months, respec- 
tively). The follow-up period after the ligation in these 2 animals is at present 
less than 2 months. 


EXP 73 
WGT. 18.6 kilos. CHYLOUS FLUID (total aspirated - 6,655 cc.) 


12004 SEROUS FLUID 
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Fig. 9.—Pleural effusion following SVC-RPA shunt. Effusion disappeared after IVC ligation 
but returned subsequent to ligation of inferior vena cava. 


Ascites.—Just as pleural effusion was found to be a frequent accompaniment 
of inereased venous pressure in the upper part of the body, profuse serous 
ascites occurred in all but one of the 12 long-term survivors with IVC-RPA 
shunts. The onset of ascites was delayed in all animals, and the first appearance 
of the peritoneal fluid occurred from 1 to 514 months postoperatively, with 
an average of 3 months. All animals developed a sustained hypoproteinemia 
with the reversal of the A-G ratio. In addition, all demonstrated a marked 
increase in the venous circulation on the abdominal wall, and one dog in the 
series developed severe pitting edema of the lower half of the body. 

The profuse ascites necessitated frequent paracentesis, and a study was 
made of the serum protein level in relation to the volume of ascites, particularly 
as influenced by certain measures undertaken to control the latter. 


High protein diet: All animals with IVC-RPA shunts were placed on a 
high protein diet for a period of 6 weeks. This diet contained an average of 
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1.5 Gm. of nitrogen per kilogram of body weight. There was no measurable 
effect in any of the animals either on the amount of ascites produced or on the 
serum protein (Figs. 10 and 11). 
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SERUM PROTEINS 4-17-56 
HIGH PROTEIN DIET 14 kite. 
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Fig. 10.—IVC-RPA shunt. Effect of diet on control of ascites. 
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Fig. 11.—IVC-RPA shunt. Effect of diet mn decreased flow through shunt on control of 
ascites, 


High protein-low salt diet: Three dogs with IVC-RPA shunts and severe 
ascites were put on a high protein-low salt diet for an 8-week period. It should 
be emphasized that this diet was not completely free of salt, but contained .25 
per cent of sodium, which is approximately one-fourth of the amount in the 
usual kennel ration. Over the 8-week period, the animals showed a marked 
decrease in the amount of ascitic fluid and a significant rise in the serum 
protein level. When the high protein-low salt diet was discontinued, 2 of the 
3 animals had a prompt recurrence of ascites accompanied by a decrease in 
the serum protein level (Figs. 10 and 11). The third animal has shown only 
a moderate return of ascites and his proteins have remained near normal levels. 


Splenectomy, nephrectomy, and IVC ligation: In 3 experiments a splenec- 
tomy and unilateral nephrectomy as well as caval ligation below the right renal 
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vein were carried out in an attempt to decrease the amount of flow through th: 
inferior vena cava and thereby decrease the back pressure in the portal systen. 
In all 3 of these animals a dramatic decrease in the rate of ascitic fluid accumy 
lation occurred in the early postoperative period, accompanied by a rise in the 
serum protein level. However, in only one case was this improvement sustained. 
In this one case ascites production stopped completely and serum proteins rose to 
normal levels, where they have remained since, a period of 6 months. The other 
2 dogs reverted to the preoperative condition within a month or 2, althouel 
ascites was produced in somewhat less amounts. 


Fig. 12.—Experiment No. 117. Masson stain of liver biopsy section made 9 months follow- 
ing IVC-RPA shunt showing pericentral and portal fibrosis and sinusoidal dilatation. 
Hepatic artery ligation and splenectomy: <A third method attempted for 

the control of the ascites consisted in hepatic artery ligation and splenectomy 

and was earried out in 2 of the animals. In one the accumulation of ascites 

ceased shortly after operation and has not recurred, a period of more than 6 

months. Serum proteins rose to normal levels in this animal and have been 

maintained there. The second dog in this group had severe peripheral edema 
in addition to the ascites prior to hepatie artery ligation and splenectomy. 

Postoperatively the edema completely disappeared and the ascites decreased 

somewhat but still continued in relatively large amounts. 

Hepatic Changes.—Serial liver function tests were done on 8 of the long- 
term survivors of IVC-RPA anastomosis. The longest interval between opera- 
tion and most recent liver function tests is 17 months, and in this animal, as 
well as in the others, the only gross abnormality is a consistent elevation of the 
thymol turbidity. 
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The livers of 7 of the long-term IVC-RPA survivors were observed grossly 
and microscopically either at laparotomy or autopsy or both. All livers were 
erossly enlarged and irregular, and the 2 livers seen on cut section were 
markedly congested in the subeapsular area. 

The biopsy specimens were subjected to an iron stain and a Masson stain, 
as well as hematoxylin and eosin. All of the sections showed the typical 
picture of early congestive cirrhosis, characterized by dilatation of the sinusoids, 
a moderate amount of hemosiderosis, and some fibrosis, particularly in the sub- 
capsular area. It would appear that these changes are most marked in the 
biopsy specimens taken latest in the postoperative period.* 


DISCUSSION 


It would seem clear enough from the results of the above experiments 
that at least a portion of the systemie venous return can be made to pass 
directly through the pulmonary circulation without the benefit of the pumping 
action of the right heart and with prolonged survival of the animal. Measured 
in terms of percentage of ecardiae output, it has been shown that with either 
an SVC-RPA or IVC-RPA shunt approximately 30 to 40 per cent of the 
eardiae output will pass through the shunt and be oxygenated by the right lung. 
We have not yet attempted, except in a few acute experiments, total caval 
bypass of the right heart, mainly because we believed it to be more logical to 
determine first if partial bypass could be accomplished. It soon became 
apparent that several complications of inereased venous pressure in the partial 
bypass studies were of sufficient magnitude to warrant detailed study. 


In the course of these studies, it beeame obvious that the pressure in the 
occluded SVC was significantly higher than that of the oeeluded IVC, as 
measured at operation, when occlusion was carried out at the atrial entrance of 
the respective vessels. To study this further, a series of 8 experiments were 
earried out in which 3 ligations were done separately in series in the same 
animal. These were SVC at entrance to atrium, IVC at entrance to atrium, 
and IVC below the liver. The average caval pressures in the 8 experiments 
were 328, 200, and 438 mm. of saline, respectively. We were interested in 
finding out why the IVC, when ligated above the liver, did not develop as high 
a blood pressure as was found in the other 2 vessels. It was thought that 
perhaps the potential increase in pressure was dissipated in a dilated splanchnic 
bed. However, a study of portal vein pressures proved this not to be the ease, 
as the portal vein pressure rose proportionally to the IVC pressure when the 
IVC was ligated at its entrance to the atrium. Further, when the portal vein 
alone was oeeluded below the liver the rise in pressure was similar to that 
obtained when the IVC alone was occluded below the liver. Occlusion of both 
the portal vein and the inferior vena cava above the diaphragm resulted in a 
prompt and profound fall in systemie arterial pressure presumably due to the 
peripheral pooling of a large amount of venous blood with a significant decrease 
in venous return. 


: *We are indebted to Dr. Milton Hales of the Department of Pathology for his kind help 
in the interpretation of these sections. 
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These observations are important in explaining the early deaths following 
IVC-RPA shunt procedures. <A significant improvement in the survival rate in 
this group of animals was obtained by the judicious use of a vasopressor 
during operation and immediately postoperative and by the use of a snug 
abdominal binder for the first week after surgery. 


Most of the cases of thrombosis were due to moderate venous stasis and 
the local trauma incident to the experimental procedure. It is likely that, 
with meticulous technique and deletion of certain physiologic observations 
requiring vena puncture in the region of the anastomosis, the majority of 
eases of thrombosis could be avoided. 

Thrombosis of the SVC-RPA shunts made at the level of or below the 
entrance of the azygos vein were invariably fatal. It is possible that a fatal 
issue may be avoided if the anastomosis of the SVC to the RPA is carried out 
above the level of the azygos vein. Carlson® and others have shown that 
ligation of the SVC above the azygos is well tolerated, whereas ligation below 
the azygos is fatal. Robiesek and associates!® performed SVC-RPA anastomosis 
above the entrance of the azygos vein in 15 dogs. One of the animals died 
apparently as a result of thrombosis of the anastomosis. Presumably the 
additional insult of occlusion of the right pulmonary artery was sufficient to 
cause death in this animal. It would seem doubtful if the flow through the 
SVC-RPA shunt would be as great with anastomosis made above the entrance 
to the azygos. The findings of Robiesek and co-workers would suggest the 
opposite point of view, inasmuch as they obtained higher estimates of flow 
through the SVC-RPA shunt made above the azygos than we were able to 
obtain with a shunt made at the level of the azygos. Robiesek and associates 
also reported no instance of chylothorax and a rapid return of SVC pressures 
toward normal. These latter 2 findings are difficult to reconcile to a high 
flow rate through the shunt. 

Pleural Effusion—The majority of animals with an SVC-RPA shunt 
developed a significant pleural effusion. In most of these chyle was present in 
the effusion indicating a block to the drainage of lymph from the thoracic duct 
into the venous system. As shown by Lee and others,’* * ® collateral communi- 
cations between the thoracic duct and the venous system are the rule rather than 
the exception. Lee demonstrated thoracic duct communications with the azygos 
vein and Blalock and associates demonstrated lymphatic communications with 
the inferior vena cava. Blalock and associates found, in an attempt to induce 
ehylothorax, that they could do so in 50 per cent of the animals by ligation of 
the SVC above the azygos. When intrathoracic ligation of the thoracic duct 
was carried out 1 to 2 weeks before obstructing the cava, they found the chylo- 
thorax could be prevented. Obstruction of the thoracic duct low in the thorax 
especially when accompanied by hypertension in the superior vena cava and 
azygos veins apparently diverts the thoracic duet lymph into the inferior vena 
eava particularly in the vicinity of the renal veins. Ligation of the inferior 
vena cava under these circumstances above the renal veins may cause a return 
of chylothorax.* As a matter of fact, we found that ligation of the IVC below 
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the renal veins would cause a pleural effusion either serous or chylous in 6 of 
10 animals who had previously had an SVC-RPA anastomosis at the level of 
the azygos vein. Apparently, in these animals lymphatie-venous collaterals 
were functioning between the thoracie duct and the azygos vein and possibly 
the inferior vena cava below the renals. Ligation of the IVC may have resulted 
in obstruction of the flow of lymph to the IVC below the ligature. Increased 
flow of blood through the azygos vein, as a result of the obstruction of the IVC, 
may have eaused the pressure in the azygos vein to rise and prevented the flow 
of chyle through lymphatiec-venous communications at this level. Inasmuch as it 
may be possible to increase the flow of blood through the SVC-RPA shunt by 
ligation of the IVC below the renal veins, it is important that the problem of 
entry of the thoracic duct lymph and lymph from other parts of the body be 
studied in more detail. It is likely that the serous pleural effusion is due to 
obstruction of the flow of lymph due to increased venous pressure in the right 
innominate vein, from the lungs and chest wall through the main right lymphatic 
duct. 


Clinical Application.—We have delayed the application of this technique to 
the patient until we could establish to our satisfaction the ideal procedure that 
would offer the greatest chance of success. 


SVC-RPA shunt: When these experiments were first begun it was decided 
to make the anastomosis between the side of the superior vena cava at the level 
of the divided azygos vein because this was the most convenient point on the cava 
adjacent to the divided right pulmonary artery. In several experiments we 
made an end-to-end anastomosis through a sternum-splitting incision between 
the superior vena cava below the level of the azygos vein and the distal end 
of the divided right pulmonary artery. In the dog this anastomosis was 
awkward to perform because of the depth of the exposure and the discrepancy 
in size between the SVC and the RPA. In addition, this technique required 
total oeclusion of the SVC during the performance of the anastomosis. 


In the human being, we believe that the shunt should be made between the 
side of the vena cava and the distal end of the divided right pulmonary artery 
probably at the level of the azygos vein. It is doubtful if the anastomosis will 
remain patent if it is small. It may therefore not be possible to apply this 
technique successfully in the infant with small vessels. Also, where pulmonary 
hypertension exists with increased arterial resistance the shunt will probably 
not sueceed unless the increased resistance to flow is reversible. 


The criteria that we hope to meet in applying this procedure to the patient 
are as follows. Ideally, the patient should be severely ineapacitated, cyanotic, 
with diminished blood flow to the lungs, with large vessels, preferably a child 
or young adult, and with a condition that cannot be treated adequately by other 
methods. Ligation of the thoracic duct between the eighth and twelfth thoracic 
vertebrae should be performed in the postoperative period if echylothorax 
develops and eannot be readily controlled by aspiration. 

Ligation of the inferior vena cava subsequent to an SVC-RPA anastomosis 
to inerease blood flow through the shunt has not received sufficient experimental 
validation to warrant clinical application at present. 
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IVC-RPA shunt: At the present time, it does not appear justified to 
attempt the IVC-RPA anastomosis in the patient. Although thrombosis of tlic 
anastomosis was, for some reason, no problem in this series of experiments. 
immediate death from systemic hypotension and massive ascites were major 


problems. 
CONCLUSION 


Experiments have been deseribed in which an anastomosis was performed 
between the superior or the inferior vena cava and the distal end of the right 
pulmonary artery. Prolonged survival of animals has been obtained with 
about 30 to 40 per cent of the cardiae output bypassing the right heart. In 
this limited sense the right ventricle pump is not required to propel the blood 
through the pulmonary cireulation. 

The venous pressure required to propel the blood through the pulmonary 
circulation, although small, is sufficient to raise several major problems. When 
an attempt is made to divert the entire inferior vena caval blood, including the 
portal, through the pulmonary artery directly, the increased resistance to flow 
causes excessive pooling of venous blood peripherally and results in systemic 
arterial hypotension which in some animals is not compatible with life. Those 
animals that do survive the IVC-RPA shunt develop ascites in the postoperative 
period. With diversion of the superior caval blood including the azygos flow 
directly into the pulmonary artery, pleural effusion usually with chyle is a 
frequent complication. It would appear at present that some of the major prob- 
lems can be overcome but the ideal procedure must allow for only a partial 
venous bypass of the right heart with continued drainage of at least the portal 
and renal venous blood to the right heart. 
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DISCUSSION 


DR. PAUL W. SANGER (Charlotte, N. C.).—I think the poor results we have heard 
reported at this meeting from the open heart operation in tetralogy of Fallot point up the 
importance of Drs. S. B. Nuland and W. W. L. Glenn’s paper, particularly the direct 
anastomosis of the superior vena cava to the pulmonary artery. We have been interested 
in this problem for some time. One member of our group, Dr. Francis Robiecsek, has been 
working on anastomosis of the superior vena cava to the right pulmonary artery since 1954, 
which he reported in February, 1956. There are 2 phenomena in nature which suggested 
to us that this operation could be successfully performed. The first is the increased 
vascularity in the mediastinum, which is annoying to the surgeon, and the conspicuous 
plexus of the dilated vessels seen beneath the visceral pleura in the congenitally cyanotic 
patient. These findings are familiar to all of us. They represent a very rich anastomosis 
between the systemic venous system and the pulmonary system. The other phenomenon is the 
known low pressure in the pulmonary artery just distal to the stenosis in a patient with 
pulmonary stenosis. This slide represents a pressure reading in an individual with pulmonary 
stenosis and interauricular septal defect. You will note the low pressure difference between 
the vena cava and the pulmonary artery. The second slide shows the surprisingly low 
pressure in the right pulmonary artery after it has been anastomosed to the superior vena 
cava. At the same time, there is normal pressure in the left pulmonary artery. We must 
assume there is a low vascular resistance in the right pulmonary bed, which apparently is 
due to some reflex mechanism. I think this procedure of anastomosing the superior vena 
cava to the pulmonary artery in the congenitally cyanotic patient is preferable to creating 
an artificial patent ductus. As you can see it is a more efficient anastomosis, for here pure 
unoxygenated venous blood is being shunted into the pulmonary artery. Furthermore, it 
obviates the possibility of elevating the pulmonary pressure, which in turn would lead to 
right side heart failure and reduces the other hazards of patent ductus arteriosus. 


EVALUATION OF OPERATIONS FOR REVASCULARIZATION OF THE 
MYOCARDIUM BY THE STUDY OF CORONARY BLOOD FLOW 
USING EXTRACORPOREAL CIRCULATION 


A PRELIMINARY REPORT 


JERE W. Lorp, Jr., M.D., ExizaBetH M.D.,* ALBert B. LOWENFELS, 
M.D.,** Robert Dysart, M.D., CHARLES G. NEUMANN, M.D., AND 
J. WiLu1AM Hinton, M.D., New York, N. Y. 


WITH THE TECHNICAL ASSISTANCE OF SOL GELMAN, B.S. 
(From the Department of Surgery, New York University Post-Graduate Medical School) 


EVERAL different approaches have been used to study the collateral circula- 
tion which develops after various procedures designed to revascularize the 
myocardium. These approaches have included anatomic injection,® ** electro- 
cardiographie studies,* exercise tolerance tests,'* ligation of “test” arteries in 
control and treated animals,* measurement of coronary sinus flow,’ and the 
Mautz-Gregg “backflow” principle.? With the exception of the last method, these 
techniques in the main are indirect and do not give information regarding the 
actual quantity of blood that flows through the new collateral channels. 

Since the contribution from the extracoronary source must be necessarily 
only a small percentage of the total flow, it was thought that it could be 
measured accurately only by abolishing the normal flow through the coronary 
arteries from the aorta. In the experiments described here this has been done, 
and a mechanical pump-oxygenator has been substituted for the heart and lungs. 
In this fashion the entire amount of blood entering the heart from extracoronary 
sources has been collected and accurately measured. 

Although in the final analysis the ultimate worth of the various revascular- 
ization procedures must await clinical trial, it was felt that this method might 
serve to select procedures which seem capable of carrying the greatest amount 
of collateral blood supply to the heart. 


METHODS 


This method involves the use of a modified DeWall bubble oxygenator® for 
extracorporeal circulation. When used in conjunction with a clamp placed 
across the base of the aorta we are able to exclude temporarily all but the extra- 
coronary sources of blood supply from the myocardium. Then the amount of 
blood from the extracoronary source can be measured directly by collection of all 
of the blood coming into the right ventricle. 


Supported by a Grant from the New York Heart Association and by the Cesare Barbieri 
Endowment. 

Read at the Eleventh Annual Meeting of the Society for Vascular Surgery, New York, 
N. Y., June 2, 1957. 

*Fellow, New York Heart Association, 1956-1957. 

**Former Fellow, New York Heart Association, 1955-1956. 
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Acute mongrel dogs weighing 10 to 28 kilograms were used for these 
experiments. Anesthesia was induced with pentobarbital sodium 30 mg. per 
kilogram, the animals were intubated, and a right thoracotomy was performed 
in the fourth intercostal space. Ventilation of the lungs was carried out with 
a mechanical insufflator using room air. This was discontinued during the 
period when the animals were attached to the perfusion apparatus. Blood was 
rendered nonecoagulable with heparin in a dosage of 1 to 1.5 mg. per kilogram 
given intravenously. Additional amounts of 10 to 20 mg. were given if the 
procedure was prolonged. 


SPONGE WITH ANTIFOAM 


FROM CAVA / TO CAROTID ART. 


Fig. 1.—Diagram of the simplified bubble oxygenator used for the studies presented in this 
paper. The dots represent the 2 Sigmamotor pumps. 


The pump-oxygenator system used for circulatory bypass was similar to 
that described by DeWall and associates. The helix and upper debubbling 
chamber have been eliminated, and the arterial reservoir surrounds the inner 
oxygenating column. Meshed plastic sponges coated with Dow-Corning Anti- 
foam A were used to debubble the blood. Vinyl plastic tubing was used 
throughout, with the exception of the outer cylinder which was Lucite (Fig. 1). 
The apparatus was primed with 1,000 to 1,200 ¢.c. of fresh warmed blood 
collected in heparinized, siliconized bottles.* Blood was withdrawn from the 
dog using 14-inch inside diameter plastic tubing placed in the superior and 
inferior venae cavae. These cannulations were performed through the azygos 
vein and the auricular appendage, respectively. Arterialized blood was re- 
introduced into the animal using a 14-inch polyvinyl cannula inserted into the 
right or left common earotid artery. 

After the dog was established on complete circulatory bypass, a modified 
Foley catheter was introduced into the pulmonary artery through a stab 
wound in the right ventricle. This catheter had 3 holes cut proximal to the 
balloon, and the hole distal to the balloon was occluded with a ligature. The 
catheter was held in place with a purse-string suture and was allowed to drain 
by gravity through a 1%-inch plastie tubing into a graduated cylinder placed 


*Courtesy Abbott Laboratories, North Chicago, Ill. 
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30 inches below the dog’s heart. By inflating the balloon all blood entering th 
right heart could be collected, measured, and then pumped back to the venous 
oxygenating chamber. Coronary blood flow was estimated by collecting blood 
for 30- or 60-second intervals in the graduated cylinder (Fig. 2). 


The temperature of the preparation was kept at 37° plus or minus 2° ©, 
by heating the operating table and on occasions by heating the air surrounding 
the oxygenator. 


TO HEART LUNG 
MACHINE L FROM HEART LUNG 


MACHINE 


CORONARY OSTIA 


CORONARY SINUS 


THEBESIAN 
VEINS 

BALLOON OCCLUDING 

PULMONARY ARTERY 

WITH CATHETER IN 

RT. VENTRICLE. | 

Fig. 2.—Schematic representation of the location of the right ventricle cannula during collec- 


tion and measurment of coronary flow. 


Two separate Sigmamotor* finger-type pumps were used on the venous 
and arterial sides of the system, and a third pump of the same type was used 
to return the blood drained from the right ventricle into the system. The 
usual total body perfusion rate was 30 to 40 ¢.c. per kilogram per minute with 
a range of 26 to 125 ¢.c. per kilogram per minute. Total body perfusion rate 
was determined at the beginning and end of each experiment by direct collec- 
tion of blood from the arterial pump into a graduated cylinder for a timed 
interval. 


The aorta and pulmonary artery were then totally occluded by means of a 
Rummel-type tourniquet and/or Satinsky clamp within the pericardial sac, 
inserted through the transverse sinus of the heart. By this means no blood 
from the perfusion source was able to enter the coronary ostia. The coronary 
flow was then measured again as described above. The aorta was usually 
occluded from 4 to 7 minutes. In dogs prepared with extracoronary sources 
of myocardial blood supply, these sources were occluded in addition to the 


*Sigmamotor Inc., Middleport, N. Y. 
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aorta, and the coronary flow was measured again. The dogs were monitored 
throughout all procedures by continuous femoral blood pressures using a 
mercury manometer, 

The dogs studied with bilateral internal mammary artery ligations*? were 
prepared in 2 ways: (1) acute ligations performed at the time of coronary 
flow measurement and (2) chronie ligations performed 6 weeks prior to the 
time of coronary flow determination. In the first group the internal mammary 


OMENTUM VINEBERG —- SMITH 


SKIN INT. MAMMARY -LEFT CIRCUMFLEX 
ANASTOMOSIS 
Fig. 3.—Schematic representation of 4 typical procedures for revascularization of the myo- 
cardium, 


arteries were ligated and divided just distal to the pericardiophrenic branch 
while the dog was on circulatory bypass. In the chronic group the internal 
mammary arteries were ligated bilaterally and divided extrapleurally at the 
level of the fourth intercostal space using a midsternal incision. 
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The dogs whose individual coronary arterial flows were studied were pre- 
pared as follows. The right coronary artery was exposed about 1 em. from its 
origin. <A 1-0 black silk suture was placed around it with a small section o} 
plastic tubing over the ends of the suture which could be pulled down to pro. 
duce occlusion of the vessel. The left coronary artery was exposed at its 
bifurcation and similar sutures were placed around the left anterior descend- 
ing and circumflex coronary branches just distal to the bifurcation. Two 
methods of study were used. In one, the coronary arteries were occluded, one 
after the other until all 3 were occluded. In the other method, performed on 
the same dogs, each artery was occluded separately, with the 2 remaining 
arteries being patent at all times and coronary flow measured under these 
conditions. 


The tubed pedicle-skin flap dogs were prepared in the manner described 
by Von Wedel and co-workers.** The flap was raised from the left lateral 
thoracie wall, brought into the thorax through the fifth intercostal space, and 
attached to the lower third of both ventricles (Fig. 3, C). 

In the studies on the effect of fibrillation, either fibrillation was induced 
by means of electrical shocks or studied after it occurred spontaneously. The 
hearts were defibrillated by means of one or more shocks of 120-volt alternat- 
ing current using saline wetted electrodes. No gross evidence of damage to 
the myocardium resulted from these electric shocks. 


In one dog, studies were done after the construction of an end-to-end 
anastomosis using polyethylene tubing between the right internal mammary 
artery and the left circumflex coronary artery (Fig. 3, D). 

Post-mortem injection studies under a pressure of 150 mm. Hg of a 20 
per cent suspension of bismuth oxychloride in water, followed by x-ray, were 
then done on the dogs in which revascularization procedures had been per- 
formed. 

RESULTS 


The total body perfusion was maintained for one to two hours in each of 
the dogs studied. In Table I the data on coronary flow are shown in relation 
to perfusion rate and mean blood pressure. 

Anoxia as produced by cross-clamping the aorta for a period of 4 to 7 
minutes appears to be the most important factor affecting coronary flow. In 
15 dogs studied in this fashion the coronary flow after release of the aortic 
occluding clamp was usually 214 times greater than the control flow (Fig. 
4). When the myocardium had again been perfused for 3 to 5 minutes, the 
anoxic effect had disappeared and coronary flow returned to the control values. 

In 16 normal control dogs when the aorta was clamped and the coronary 
ostia thereby separated from the perfusion source, the coronary flow varied 
between 0 and 0.5 ¢.e. per minute. 

In the 6 dogs studied before and after fibrillation (Fig. 5), it was found 
that coronary flows always increased during fibrillation and then returned to 
the control values almost immediately after defibrillation had been performed, 
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TABLE I. SUMMARY OF CORONARY FLOW STUDIES IN 25 Docs 
3 | CORONARY FLOW 
PER CENT 
MEAN BLOOD OF TOTAL 
WEIGHT | PERFUSION RATE PRESSURE PERFUSION 
DOGS ( KG.) (C.C./KG./MIN. ) (MM. HG) C.C./MIN. | C.C./KG./MIN. FLOW 
1 13 35 30 54 4.2 12 
2 i 36 25 52 4.7 13 
3 13 35 40 69 5.3 15 
4 14 29 20 37 2.6 9 
5” 28 36 25 75 2.7 
6 15 40 35 35 2.3 6 
7 16 33 30 36 2.3 4 
ig 20 27 30 33 1.6 6 
9* 20 27 45 60 3.0 11 
10* 20 26 45 60 3.0 12 
ii” 14 36 50 60 4.3 12 
12 i3 38 40 54 4.2 11 
13a 13 35 30 90 6.9 20 
b 75 70 140 10.8 14 
e 125 120 195 15.6 12 
14 16 30 30 60 3.8 BD 
15 12 65 40 47 3.9 6 
16 12 82 80 85 7 | 9 
17 14 53 70 30 2.2 4 
18t 15 47 70 35 2.3 5 
19t 13 38 40 35 
20* 15 35 60 50 3.3 10 
21 15 40 40 45 3.0 8 
22t 15 47 35 44 6 
23a$ 14 67 40 40 2.9 4 
b 67 75 72 5.1 8 
e 67 190 116 8.3 12 
24 14 50 50 70 5.0 10 
25 18 55 80 120 6.7 12 


*Tubed pedicle skin flap. 
¢Bilateral chronic internal mammary ligation. 


tThis dog had an arterial autograft from the thoracic aorta tunneled through the myo- 
cardium:of the left ventricle. 


§This dog’s blood pressure was increased by means of adding 4 mg. norepinephrine to 
the oxygenating chamber. 


The other dogs are normal nonoperated dogs. 
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Fig. 4.—Coronary flow as influenced by anoxia. 
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The arterial pressure of the dog could be inereased by increasing tot: 
body perfusion rate as shown in Fig. 6. Increasing the arterial pressure wit})- 
out changing the perfusion rate (accomplished by the addition of 4 me. 
noradrenalin to the perfusion) caused corresponding increases in the coronary 
blood flow (Fig. 7). These changes were less marked than those followine 
anoxia. 

Perfusion rate changes also produced changes in coronary flow (Fig. 8) 
but, again, less marked than those following anoxia. At low perfusion rates. 

NORMAL @ VENTRICULAR OEFIBRILLATED 


SINUS FIBRILLATION (WITH RETURN 
RHYTHM INDUCED TO NSR) 

210] (BASELINE 
FLOW) 

180 

150 


CORONARY FLOW IN CC./MIN. 


25a 


Fig. 5.—Coronary flow as influenced by ventricular fibrillation. 
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Fig. 6.—Blood pressure as influenced by perfusion rate. 
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Fig. 7.—Coronary flow as influenced by blood pressure in 2 individual dogs. 
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the heart receives a greater percentage of the available blood than at high 
rates. 

Studies showing the effects of individual ligation of the various coronary 
arteries are shown in Table II. An example of serial occlusion of all the 
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Fig. 8.—Relationship between coronary flow and perfusion rate (Dog No. 13). 


CORS 


V//,77 % OF FLOW REMAINS OR 100 CC/MIN 


(ZG 8% OR BCC/MIN, FLOW REMAINS 


AND LCC 

OCCLUDED 

ABOVE AND fj 0% oR 0 CC/MIN. NO FLOW REMAINS 
AORTA 

OCCLUDED 

0 10 2 30 40 50 6 70 8 9 
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Fig. 9—Amount of flow contributed by each coronary artery when they are individually 


ligated (Dog No. 25). 


TABLE II. CoRONARY FLOW IN CUBIC CENTIMETERS PER MINUTE AFTER OCCLUSION OF EACH 
CORONARY ARTERY 


SITE OF OCCLUSION 


RIGHT, LEFT 


LEFT ANTERIOR DE- 
CONTROL ANTERIOR LEFT SCENDING, AND 
DOG FLOW | RIGHT | DESCENDING | CIRCUMFLEX | LEFT CIRCUMFLEX | AORTA REMARKS 
12 54 —_ -— 25 — 0.5 
21 45 28 20 28 - 0 
24 70 70 50 44 18 0 Septal artery arose 
above level of 
occluding liga- 
ture, right 
coronary very 
small 
25 130 100 30 90 8 0 Two small 


branches of the 
right coronary 
artery arose 
near its origin 
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coronary arteries is shown in Fig. 9. The explanation of the residual flow o/ 
8 ¢.c. per minute was discovered at autopsy when 2 small branches of the righ‘ 
coronary artery were found very near its origin. 

In the internal mammary group (Table III), 8 dogs have been studied: 4 
with acute and 4 with chronic ligation of the vessels. Of these dogs, 2 of the 
animals with acute ligation had increases in flow after the occlusion of the 
aorta as compared with control data, and 2 of the 4 dogs with chronie ligation 
also showed increases. 


TABLE III. CORONARY FLOW AS INFLUENCED BY LIGATION OF THE INTERNAL 
MAMMARY ARTERIES 


AORTA OPEN | AORTA AND | 


INTERNAL AND INTERNAL | INTERNAL 
MAMMARY MAMMARY MAMMARY 
ARTERIES AND AORTA ARTERIES ARTERIES 
AORTA OPEN OCCLUDED OCCLUDED OCCLUDED 
DOGS (C.c./MIN. ) (C.C./MIN. ) (C.C./MIN. ) (C.C./MIN. ) 
Acute 
15 47 0.5 55 5 
16 85 0.0 87 2 
17 30 0.0 30 0 
23 72 0.0 73 0.7 
Chronic 
18 35 2 
19 32 0.5 
27 25 0.25-0.75 
28 50 3.0 -6.0 


In dogs with chronic ligation, since the internal mammary arteries were bilaterally 
ligated without entering the chest, control coronary flows could not be done. Therefore, the 
control values obtained for normal dogs under similar conditions are assumed to be true here 
too (0.0 to 0.5 c.c./min.). 


COR. FLOW BEFORE COR. FLOW AFTER 
Oo ANASTOMOSIS 44 ANASTOMOSIS 
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CORONARY FLOW IN CC/MIN. 
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Fig. 10.—Coronary flow as influenced by internal thoracic-left circumflex coronary anastomosis 
(Dog No. 14) 


The results in the animal prepared with the right internal mammary 
artery anastomosed tc the left circumflex artery are shown in Fig. 10. The 
control coronary flow before the anastomosis was 60 ¢.c. per minute and after 
the anastomosis was 65 ¢.c. per minute. With the aorta occluded and the only 
source of coronary flow being through the anastomosis, the flow was 30 e.c. 
per minute. 

Six dogs with tubed pedicle skin flaps have been studied by this method 
(Table IV). Of these, only 2 so far have shown significant coronary flow 
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after occlusion of the aorta. In these dogs occlusion of the base of the flap 
did not entirely obliterate this flow, and it is presumed that adhesions sur- 
rounding the flap and the heart may have carried some of the extra blood. 


TABLE IV. CoRONARY FLOW AS INFLUENCED BY A TUBED PEDICLE SKIN FLAP 


AORTA AND 
AORTA AORTA FLAP 
OPEN OCCLUDED OCCLUDED 
DOGS (C.C./MIN.) | (C.C./MIN.) | (C.C./MIN.) REMARKS 
8 33 1 0.25 Flap somewhat fibrotic, no x-ray evi- 
dence of anastomosis 
9 60 0 0 Flap degenerated due to intrathoracic 
infection 
10 60 1 1 Flap loosely adherent to myocardium, 
many thin pericardial adhesions pres- 
ent 
11 60 0 0 Same as Dog No. 9 
20 50 7.2 5.6 Flap anatomically good, many adhesions 
present 
31 100 8.0 6.0 Flap anatomically good, dense adhesions 
between the flap and chest wall along 
both sides of flap 
DISCUSSION 


The method described above has been found to be a relatively simple one 
which yields reproducible results. The results obtained for coronary flow 
during circulatory bypass of normal dogs closely resembles the work of Read 
and associates. We also found that during total body perfusion, the by- 
passed heart which is doing a minimal amount of work receives a liberal 
coronary flow. Under various conditions this ranged between 4 and 20 per 
cent of the total body perfusion volume. When the total body perfusion 
volume per minute was decreased, the percentage which went to the myo- 
eardium increased appreciably. This large perfusion of the heart at reduced 
flow rates undoubtedly accounts for the good reaction of the bypassed heart 
to low body perfusion rates without inereased susceptibility to ventricular 
fibrillation, other arrythmias, or to other signs of myocardial damage. We 
have observed this tolerance repeatedly in our chronic experiments with extra- 
corporeal circulation. 

The fact that after occlusion of the openings of the coronary arteries there 
is essentially no flow in the control animals suggests that in the normal dog 
there are no appreciable functioning extracoronary collateral anastomoses. 

Our studies of coronary flow immediately following prolonged coronary 
stasis showed a marked temporary increase in flow. This is in agreement with 
previous work on coronary flow during anoxia.’ In some of our experiments 
coronary flow was quadrupled after release of the aortic occlusion. Thus, in 
the method described here, anoxia seems to be a much more important de- 
terminant of coronary flow than either blood pressure or total perfusion rate. 
The cause for the profound decrease in coronary resistance which accompanies 
anoxia is unknown. 
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Results of coronary flow measurements before, during, and immediate], 
after ventricular fibrillation show a persistent increase in association wit), 
ventricular fibrillation. This has been observed by others» and may be 
due to loss of the constricting action on the coronary vessels associated with 
normal ventricular systole. 

The results of the experiments designed to measure the effects of acute 
occlusion of the coronary arteries on coronary flow serve to emphasize the 
preponderance of the left coronary arterial system in the dog.’® The 
variability in the contribution of the left anterior descending branch woul: 
tend to vitiate its use as a ‘‘test’’ artery... When ligated individually it 
would seem that compensatory changes occur in the remaining unoecluded 
vessels in response to the locally produced myocardial anoxia secondary to the 
occlusion of the artery. When all the coronary arteries were ligated, flow did 
not decrease to zero because of the high origin of the septal branch in one 
ease (Dog 24) and because of several small branches opening at the origin of 
the right coronary artery in Dog 25. 

Two of the pedicle skin flap dogs showed an appreciable coronary flow 
when the aorta was occluded. Since this flow persisted when the base of the 
pedicle was clamped, it would seem that the numerous adhesions which were 
present in these particular dogs served to bring some blood to the heart. 

One dog whose internal mammary arteries were ligated 6 weeks prior to 
evaluation showed a coronary flow after aortic occlusion which amounted to 
10 per cent of the control coronary flow. At autopsy the heart was injected 
through the left coronary artery with 20 per cent bismuth oxychloride sus- 
pension. Definite collateral channels were visible which extended from the 
region of the auricles upward into the lung fields and possible along the route 
of the pericardiophrenie artery, suggesting some collateral circulation from 
extracoronary sources. Just how significant this finding is will be determined 
only after many more dogs prepared in this way have been studied and com- 
pared to dogs with normal hearts similarly injected. 

Several groups of animals with chronic ligation are still in the process of 
preparation prior to evaluation by the methods outlined above. These inelude 
additional groups of dogs with pedicle skin flaps, arterial implant procedures, 
adhesive pericarditis, and internal mammary ligation. 


SUMMARY 


A simple method for the measurement of extracoronary blood supply to 
the myocardium has been presented. Separation of the extracoronary flow 
from the normal coronary flow has been achieved by occlusion of the aorta 
after the animal has been attached to an artificial heart-lung apparatus. 
Using this method the actual quantity of blood supplied to the myocardium 
by a variety of revascularization procedures can be evaluated. 
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DISCUSSION 


DR. OSCAR CREECH, JR. (New Orleans, La.).—I would like to reiterate what Dr. 
Lord has said about the importance of a method for accurately measuring myocardial 
blood flow in evaluating procedures designed to revascularize the myocardium. At the 
Surgical Forum last year Dr. Henley and I reported a technique for measuring total 
myocardial blood flow. It consisted of injecting iodinated albumin into the pulmonary 
wedge and simultaneously sampling blood from the right ventricular outflow tract for a 
period of 60 seconds. The sampling tube was monitored with a scintillation detector and a 
radio-dilution curve was obtained. From experimental studies it was observed that the 
first 5 seconds following appearance of the albumin in right ventricular blood represented 
myocardial blood flow exclusively. We used cardiopulmonary bypass in a manner similar 
to that described by Dr. Lord in an attempt to evaluate and confirm the results of this 
technique. 


4, Beck, C. S., and Leighninger, D. 8.: Scientific Basis for the Surgical Treatment of 


SURGICAL CONSIDERATIONS IN REPAIR OF VENTRICULAR AND 
ATRIAL SEPTAL DEFECTS UTILIZING CARDIOPULMONARY 
BYPASS 


EXPERIENCE WiTH 104 Cases 


DENTON A. CooLey, M.D., JosepH R. Latson, M.D., anp ARTHUR S. Keats, M.D., 
Houston, TEx. 
(From the Cora and Webb Mading Department of Surgery, the Department of Pediatrics, and 


the Department of Anesthesiology, Baylor University College of Medicine, and the Cardiac 
Clinic, Texas Children’s Hospital) 


ITHIN the past few years open cardiae surgery using a pump-oxygenator 

for temporary cardiopulmonary bypass has at last been developed clini- 
eally, and at present the method is being used with increasing frequency. Al- 
though many contributed to the experimental aspects of this problem during 
the past deeade, credit for final demonstration of the clinical feasibility of this 
method is due to Gibbon,‘ Lillehei,® and Kirklin’ and their able associates. Our 
experimental efforts in this field began several years ago, but the first clinical 
trials were made in January, 1956. Since that time 162 patients have been 
operated upon for various lesions of the heart and great vessels in which total 
cardiopulmonary bypass was used (Table I). As experience accumulates, vari- 
ous technical aspects of open cardiac procedures have been tested and evalu- 
ated and a routine method of dealing with some lesions is being developed. 


TABLE I. CARDIOVASCULAR LESIONS IN 162 CASES OF CARDIOPULMONARY BYPASS 


Ventricular septal defect 77 
Atrial septal defect 27 
Tetralogy of Fallot 10 
Aneurysm of ascending aorta 10 
Atrioventricularis communis 

Aortie or subaortic stenosis 

Pulmonie stenosis 

Transposition of great vessels 

Common ventricle 

Aorticopulmonary septal defect 

Total anomaly pulmonary venous drainage 
Ruptured ventricular septum (coronary) 
Aortoventricular fistula (traumatic) 
Ruptured tricuspid valve (traumatic) 
Mitral regurgitation 

Ruptured aneurysm sinus of Valsalva 
Aortic regurgitation (congenital) 
Endocardial fibroelastosis 

Mitral stenosis 


Total 


or) 


” Aided by grants from the C. J. Thibodeaux Foundation and the Houston Heart Associa- 
ion. 


Read at the Eleventh Annual Meeting of the Society for Vascular Surgery, New York, 
N. Y., June 2, 1957. 
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This report is primarily concerned with a description of the technical details 
of surgical repair of isolated ventricular and atrial defects based upon our 
experience with 77 cases of the former and 27 of the latter. Consideration of 
congenital cardiac complexes such as tetralogy of Fallot, atrioventricularis com- 
munis, and transposition of the great vessels in which the septal defect is as- 
sociated with significant valvular or vascular abnormalities is not within the 
scope of this paper. Thus, attention will be directed toward the method of 
management of a somewhat standard type of cardiac defect for which the 
method of cardiopulmonary bypass has been most widely used. 


Fig. 1.—Drawing showing method of cardiopulmonary bypass using 2 pumps and oxy- 
genator. Blood withdrawn from the venae cavae was returned to a cannula inserted through 
the common femoral artery. 


METHOD 


The pump-oxygenator system employed consisted of a Sigmamotor pump 
and stainless steel bubble diffusion oxygenator. Two heads were used on the 
pump removing blood from the venae cavae and returning it to the arterial 
system in equal measured amounts (Fig. 1). Although the early experience 
with cardiopulmonary bypass was obtained with a DeWall-Lillehei disposable 
plastic tube oxygenator, recently a permanent device based upon the same 
bubble diffusion principle has been used and has proved to be satisfactory’ 
(Fig. 2). Among the advantages of this oxygenator in addition to its proved 
efficiency was the fact that it could be completely sterilized in the pressure 
autoclave and assembled before being sterilized. A simple method of caleu- 
lating rate of flow with a level gauge on the reservoir was available to deter- 
mine flow rate during perfusion. The entire oxygenator was siliconized by 
the baking process and appeared to cause minimal change in coagulation fac- 
tors of the blood. Defoaming of blood was uniformly satisfactory with this 
device and oxygen concentration was invariably 95 to 100 per cent. Oxygen 
was introduced into the oxygenator at a rate approximately 10 times the rate 
of flow of blood, and earbon dioxide was never used in conjunction with oxy- 
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By choice in most of these operations a relatively low rate of flow was 
employed. Thus, for infants and children under 2 years of age rates of a) 
proximately 50 ¢.c. per kilogram body weight per minute were employed an 
for older children and adults approximately 35 ¢.c. per kilogram per minute 
was used. By providing high concentrations of oxygen saturation certain 
hematologic complications related to blood cell destruction and hemorrhagic 
tendencies were avoided after operation. No effort is being made at present to 
inerease the rate of flow since the disadvantages of high flow with this method 
may outweigh the desirable aspects of larger flows. Disposable plastic tubing 
was used for connection between the patient, the pumps, and the oxygenator. 


Fig. 2.—Photograph of stainless steel bubble diffusion oxygenator mounted on _ special 
table with Sigmamotor pump. Diagram shows principal features of oxygenator including 
shut-off valve and reservoir level gauge used to estimate rate of flow. 


At the beginning of perfusion when the caval tape tourniquets were 
closed, the patients were made slightly hypervolemic to maintain systemic 
mean arterial pressure at approximately 60 mm. He and to ensure adequate 
venous return at the caval catheters. As blood which was aspirated from the 
heart was collected in a ealibrated chamber, the operator of the pump-oxy- 
genator returned approximately equal amounts to the patient. After the 
cavae were opened the patient’s blood volume was restored to the preoperative 
level. 

Blood used for priming the system was drawn from donors on the day of 
operation collected in siliconized 500 ¢.c. glass bottles containing 18 mg. of 
heparin. The blood was maintained at body temperature in a warm water 
bath until ready for use. Usually 500 to 1,000 e.c. of freshly drawn blood were 
available in ACD solution for administration immediately after operation to 
provide certain vital clotting factors after the perfusion was completed. Just 
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prior to perfusion 1.5 to 2.0 mg. of heparin solution per kilogram of body 
weight was administered to the patient intravenously and a similar amount of 
protamine sulfate diluted in 10 to 20 ¢.¢. of saline was given after perfusion. 
If protamine was administered over a 30- to 60-second period no hypotension 
resulted if blood replacement had been adequate. 


ANESTHESIA 


For operations with cardiopulmonary bypass, light planes of general 
anesthesia were used to provide analgesia and amnesia. Cyeclopropane, ether, 
and thiopental with nitrous oxide were all used at various times, but, because 
of the minimal amounts of general anesthesia used, dangerous cardiac ar- 
rhythmias were avoided. Supplementation of anesthesia with the relaxation 
produced by ecurare-like drugs, usually suecinyleholine, provided ideal condi- 
tions for operation. Following induction and intubation analgesic concen- 
trations of ether in oxygen were used with deliberate hyperventilation up to 
the time of bypass. Ether with 95 per cent oxygen concentration was used, 
and a high gas flow was maintained to replace tissue nitrogen during the 90- 
minute period during preparation and cannulation of the patient for bypass. 
This provided a high tension tissue store which was presumably available dur- 
ing low flow perfusion. Furthermore, hyperventilation produced a respiratory 
alkalosis which served to compensate for the anticipated metabolic acidosis of 
low flow perfusion. In no patient in whom it was measured was the pH of the 
arterial blood less than 7.40 immediately following bypass. 

Since the bubble oxygenator is an efficient device for removing all volatile 
anesthetics and earbon dioxide from the blood and since the priming blood in 
the extracorporeal system dilutes circulating nonvolatile drugs, patients not 
infrequently awakened during bypass. For this reason d-tubocurarine (0.15 
mg. per kilogram of body weight) was administered 5 minutes before per- 
fusion in a dose sufficient to paralyze the diaphragm of most patients for 20 to 
30 minutes. This dose was not sufficient to prevent moderate diaphragmatic 
contractions when anoxic stimulation of chemoreceptors was strong, but vio- 
lent contractions which interfered with the operative procedure never oc- 
curred. 

Onee bypass was begun and the heart was empty, the lungs were allowed 
to deflate completely to provide maximum working space and quiet in the 
thoracic cavity. No attempt was made to inflate even partially the lungs dur- 
ing the bypass and after perfusion no difficulty was encountered in re-expand- 
ing the lungs. 

During bypass the amount of blood collected in the operative field and 
not removed by suction was reported to the pump operator who returned this 
amount to the patient at the end of the perfusion when blood balance was 
estimated. Beeause of the residual bleeding tendency from the heparin effect, 
immediately following perfusion, transfusion was continued at a moderate 
rate during closure of the incision. Intravenous Neo-Synephrine was oceasion- 
ally given for hypotension immediately after bypass to maintain or support 
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blood pressure until the heart recovered its normal rate and function. Usually, 
however, hypertension immediately followed bypass but the elevated blood 
pressure gradually returned to normal levels shortly after perfusion was dis- 
continued. 

In spite of attempts to preserve the temperature of the patient and the 
blood in the extracorporeal circuit, most patients, particularly the infants, 
were hypothermic after operation. Rectal temperatures ranged between 8&8 
and 98° F. and most commonly were 93 to 95° F. In the presence of hypother- 
mia there was little need for anesthesia. The rate of ventilation with oxygen 
was decreased after bypass to allow accumulation of carbon dioxide washed 
out by hyperventilation and by the oxygenator. When voluntary respiration 
returned, patients often began to move about and at times 50 per cent nitrous 
oxide in oxygen was necessary for completion of the operation. Patients were 
usually awake and in control of all reflexes before leaving the operating room. 


As K CITRATE SOL. 25% 


Fig. 3.—Drawing showing method of inducing cardiac arrest using 3 per cent potassium 
citrate solution. 


INDUCED CARDIAC ARREST 


Cardioplegic agents were used routinely in repair of ventricular septal 
defects and in a few complicated atrial defects. After a sizable experience 
with such drugs as acetylcholine, potassium chloride, and potassium citrate, 
the conclusion was reached that potassium citrate was the most effective and 
satisfactory agent. Freshly prepared 20 per cent solutions of potassium citrate 
were diluted at the operating table with warm normal saline to make a 2.5 
per cent solution. After the vena caval inflow was occluded the heart was 
allowed to partially empty itself for a brief period before the ascending aorta 
was cross-clamped (Fig. 3). A gradual injection of potassium solution was 
made into the ascending aorta until visible myocardial contractions ceased and 
the QRS complex on the electrocardiogram became at least twice its normal 
duration. Shortly after this the electrical activity of the ventricles ceased and 
only the P waves persisted throughout the procedure. When the intracardiac 
defect was repaired the aortic clamp was released and the potassium solution 
was perfused out of the coronary system. The first blood returning to the 
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heart was high in potassium content and was allowed to escape before the re- 
pair of the cardiotomy incision was completed. This feature also helped to 
eliminate air from the cardiac cavities and prevented air embolism. Usually 
return of cardiae action was prompt and no cardiac stimulants were necessary. 
Oceasionally a small amount of calcium chloride was injected very slowly into 
the left atrium or femoral cannula. Ventricular fibrillation occurred in some 
patients and in every case was eliminated by electrical shock. 


SURGICAL TECHNIQUE 


For repair of ventricular or atrial defects an anterior bilateral thora- 
cotomy incision was used usually entering both fourth intercostal spaces and 
transecting the sternum (Fig. 4). In adults special retractor blades for the 


Fig. 4.—Drawing showing location of bilateral anterior fourth intercostal space thoracot- 
omy incision used for repair of ventricular and atrial septal defects. Small femoral incision 
was used to cannulate common femoral artery. 


Finochietto retractor were used to separate the sternal fragments without pro- 
ducing impingement of the sternum on the heart.’ For atrial septal defects the 
extension of the incision into the left fourth or third intercostal space was 
not as long as for the ventricular defects since approach to the right atrium was 
satisfactory through the right half of the incision. Nevertheless, even in 
atrial defects a bilateral thoracotomy was considered to be a safer approach 
since it was useful to eliminate the presence of other anomalies including ab- 
normal pulmonary veins. Two anomalies, namely, patent ductus arteriosus 
and persistent left superior vena cava which may be present in association with 
congenital cardiac anomalies, deserve special consideration because if they are 
not discovered before perfusion is begun the result may be disastrous. The 
search for a ductus was made transpericardially by reflecting the tissue along 
the upper margin of the left pulmonary artery and even if a ligamentum arte- 
riosum was demonstrated it was ligated since even a mild patency of the 
duetus could lead to troublesome hemorrhage from the pulmonary vessels 
during the open ecardiae period. Identification of a left superior vena cava 
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was made within rather than outside the pericardium because a hemiazygos 
vein entering the left cava just inside the pericardium may bleed profusely 
during operation (Fig. 5). Since our experience with one case of this type, 
we have always controlled the anomalous vena cava by a tape tourniquet as 
close to the heart as possible 

The pericardium was incised widely and the superior and inferior venae 
cavae were encircled with tapes for tourniquets. When induced eardiae arrest 
was used the ascending aorta was encircled with a tape so that cross-clamping 
was facilitated. A purse-string suture was placed around the right auricular 
appendage and after an incision was made in the apex of the appendage. 
intracardiac exploration was performed. Atrial septal defects were easily 
palpable and the relationship of the defect to the tricuspid and mitral valves, 
venae cavae, and pulmonary veins was determined. Most ventricular septal 
defects could be palpated through the tricuspid valve, particularly those de- 
fects of the membranous septum. 


Fig. 5.—Diagram illustrating one of the pitfalls encountered in dealing with a persistent 
left superior vena cava. The vena cava should be occluded inside the pericardium (asterisk) 
he ony venous return from the hemiazygous vein was also controlled during cardiopulmonary 

Upon completion of the intracardiac exploration the heparin was ad- 
ministered and the vena caval cannulae were inserted. For ventricular defects 
and some atrial defects both cannulae were inserted through the tip of the 
auricular appendage, but in some interatrial defects this position of the in- 
ferior catheter could interfere with the repair, so this catheter was placed 
through a separate purse-string suture in the lateral wall of the atrium. The 
common femoral artery was exposed by a separate incision in the inguinal 
crease and a plastic catheter of appropriate size was inserted and advanced 
upward into the iliac artery or abdominal aorta. Upon completion of the 
perfusion, the arteriotomy was repaired with fine arterial silk. In no instance, 
even in the smallest infant, was cannulation of the femoral artery impossible. 


TECHNIQUE OF REPAIR 


Ventricular Septal Defect—After the size and location of the defect were 
determined by transatrial exploration, the perfusion was begun and cardiac 
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arrest was induced. A right ventriculotomy incision was made in the outflow 
tract of the right ventricle and blood was aspirated from the cardiac chambers 
(Fig. 6). Only a small quantity of blood returned to the relaxed arrested 
heart and the localization of the defect could be done with complete accuracy. 
Although it usually appeared that the defects could be repaired by direct 
suture, experience with many methods of repair led to the conclusion that a 
patch of synthetic material sutured carefully over the defect provided the 
most accurate and satisfactory method. After trying knitted nylon-Dacron 
cloth and polyvinyl sponge, the technique of repair using a continuous silk 
suture around the periphery of a wafer or patch of compressed polyvinyl 
Ivalon was adopted as the procedure of choice (Fig. 6). Occasionally when 
an attempt was made to close a large ventricular septal defect directly by 
sutures in the presence of an overriding aorta and hypertrophied crista su- 
praventricularis, significant obstruction to right ventricular outflow was pro- 
duced. By using the Ivalon patch no such distortion of the outflow tract was 
produced. In small ventricular septal defects and particularly for multiple 
defects of the muscular septum, a satisfactory repair could be obtained with 
several interrupted silk sutures. Since the A-V conduction bundle could be 
injured in the posterior inferior margin of membranous defects, sutures in this 
vicinity were not inserted deeply or tied too tightly because an A-V conduction 
disturbance or dissociation could result. 


; Fig. 6.—Drawing showing usual method of repair of ventricular septal defect through 
right ventriculotomy incision. In most cases a patch of compressed Ivalon polyvinyl sponge 


Was sutured over the defect with continuous black silk sutures (A, B, and C), but with small 
defects usually of the muscular portion of the septum figure-of-eight sutures were used (D). 


Several patients had unusual ventricular septal defects producing a left 
ventricular to right atrial intracardiac shunt through the membranous septum. 
Repair of these defects through the right atrium was relatively simple and the 
postoperative course was unusually smooth, possibly because the integrity of 
the hypertrophied right ventricle was not impaired. Because of this experi- 
ence a transatrial approach to certain ventricular defects of the membranous 
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septum was developed incising the septal leaflet of the tricuspid valve for 
exposure (Fig. 7). The defect was repaired by interrupted sutures or with » 
patch. This method was not used if the defect was not palpable through the 
tricuspid valve during the initial digital exploration or if more than one septa! 
defect was suspected. Actually the transatrial approach to ventricular de- 
fects had its greatest usefulness in cases where pulmonary hypertension was 


a complicating feature of the lesion. 


‘ 


‘ 


ig. 7.—Drawing showing method of transatrial repair of ventricular 


septal defects. 


Fi 
After the atriotomy incision was made, the tricuspid valve was incised and the defect re- 
paired (A). Following closure of the ventricular defect the tricuspid leaflet was repaired with 


multiple sutures (B). 
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Fig. 8.—Drawing showing method of repair of atrial septal defects. 


After the atriotomy 


incisions were made the defect was repaired by a continuous double row of silk sutures 


(A, B, and C). 
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Atrial Septal Defects—tUsually for these lesions induced cardiac arrest was 
not employed unless the defect was quite large and of the ostium primum type 
or complicated anomalies of the pulmonary veins were also present. The atrial 
defeet was exposed through a generous incision in the right atrium (Fig. 8). 
Moderate amounts of blood returning to the heart by coronary veins were con- 
tinuously aspirated as the defect was sutured. Even in the largest defects of 
the atrial septum a complete solid repair was obtainable by direct suture us- 
ing a continuous silk suture extending up and down the defect. Compressed 
polyvinyl Ivalon sponge was employed for all defects of the atrioventricularis 
communis type, but it was significant that in none of our patients with persist- 
ent ostium primum or large septum secundum defeets was a sponge used in the 
closure. Associated anomalies of pulmonary venous drainage were frequent 
with atrial septal defects, and the method of open ecardiae surgery utilizing 
cardiopulmonary bypass provided ample time to transpose the pulmonary 
veins into the left atrium by properly placed sutures or using an Ivalon patch 
for a tunnel. 

RESULTS 


Ventricular Septal Defects—To date a total of 77 patients have been oper- 
ated upon for isolated ventricular septal defects. Although in many there were 
associated lesions, such as patent ductus arteriosus, patent foramen ovale, cor- 
rected transposition of the great vessels, or overriding aorta, in all the defect 
was considered to be the principal lesion contributing to the cardiac disturb- 
anee. Patients of all ages and degrees of cardiac disability were accepted for 
operation if the vascular shunt was determined at cardiae catheterization to be 
predominantly left to right and if symptoms were serious enough to justify 
surgical treatment. Fourteen deaths oceurred in this series producing an 
over-all mortality rate of 18.1 per cent. Factors which determine risk of opera- 
tion have been presented elsewhere.1. Among the important factors account- 
ing for this mortality was the age of patients selected for operation. Ages of 
patients varied between 11 weeks and 40 years and a high proportion were 
seriously ill debilitated infants with repeated episodes of congestive failure 
and pneumonia. Thus 32 patients (43 per cent) were 2 years old or less and 
in this group the mortality was 28 per cent. In the remaining 45 patients (57 
per cent) there were 5 deaths or a mortality of 11 per cent. The most critical 
patients of all were the small infants less than 12 months of age of whom 20 
underwent cardiopulmonary bypass for ventricular defects with 7 deaths. In 
view of the poor physical condition in all of these infants, a salvage of some 65 
per cent was nevertheless gratifying. In the survivors functional results have 
been very satisfactory with gradual or rapid return to normal. In many pa- 
tients eardiae catheterization has confirmed the fact that the ventricular de- 
fect is closed and pulmonary arterial pressure has been restored to a normal 
level. 


Atrial Septal Defects——Twenty-seven patients have been operated upon for 
defeets of atrial septum of which 4 were ostium primum and the remaining 
Septum secundum or foramen ovale type defects. In this group there were 2 
deaths, one aged 50 years and the other 42 years old, both of whom were in 
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advanced stages of cardiac distress prior to operation. In general, patients 
operated upon for atrial septal defects were older than surgical patients with 
ventricular defects as evidenced by the fact that more than half of the patients 
were over 20 years of age. As a rule, atrial defects do not cause significant 
disability in early childhood or infaney. The youngest patient was 16 months 
of age and had a severe anomaly of pulmonary venous drainage which un- 
doubtedly added to the burden of the atrial septal defect. Excluded from this 
group of patients with atrial defects are 8 patients with atrioventricularis 
communis who were operated upon with 3 long-term survivors. 


This experience with atrial defects has convineed us that cardiopulmonary 
bypass is superior to closed, semiclosed, or open hypothermic procedures since 
it provides the extra margin of safety and sufficient time required to repair all 
types and sizes of defects including atrioventricularis communis and to trans- 
pose pulmonary veins if discovered at the time of cardiotomy. Thus, we con- 
tinue to use this method as the procedure of choice for all atrial septal defects. 


COMMENT 


Conduction disturbances producing A-V dissociation after operation have 
resulted in some 10 per cent of patients with ventricular septal defect and in 
none of the patients with atrial defect. In most of the patients a sinus rhythm 
was restored within the first 12 hours after operation but occasionally the dis- 
sociation persisted for several days, weeks, or even months. In one patient the 
heart block resulted in death. Although a number of medications were tried in- 
cluding Isuprel, ephedrine, epinephrine, and others, none have been particularly 
effective in our experience. Digitalis has been given to those patients with evi- 
dence of congestive failure, but in the remainder the rhythm reverted spon- 
taneously. A cardiac pacemaker with electrodes applied to the body surface 
was not effective in our patients but favorable reports from Lillehei’ of direct 
stimulation of the heart by a wire electrode inserted into the right ventricular 
myoeardium indicate that this method may be much more effective. 


SUMMARY 


Cardiopulmonary bypass utilizing a pump-oxygenator provides optimum 
conditions for repair of isolated ventricular and atrial septal defects. A series of 
77 patients with ventricular septal defects and 27 patients with atrial defects 
is reported with emphasis upon technical aspects of the surgical repair. 
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DISCUSSION 


DR. WILLIAM W. L. GLENN (New Haven, Conn.).—Concerning the presentation by 
Dr. Nuland on vena caval-pulmonary artery shunts, thrombosis of the anastomosis is con- 
sidered in some detail in the text. Suffice it to say now that thrombotic occlusion of the 
anastomosis occurred in a number of animals in our early series. We believe this compli- 
cation can be avoided by making a large anastomosis with meticulous technique and the 
avoidance of trauma to the vena cava. 


The only point I would like to make concerning Dr. Cooley’s presentation is simply 
to endorse a thought expressed this morning by Dr. Julian on the use of a sternum-splitting 
incision in the infant in the approach to the open heart. We have also been impressed 
with this approach and have had the opportunity to apply it in an infant where the right 
ventricle was open. Also, rather than use a peripheral artery, we sewed a rubberized fabric 
tube to an incision in the ascending aorta as the method of infusing the arterial blood from 
the pump-oxygenator. (Slides.) 


ADDENDUM 


Since this paper was submitted, the total number of patients undergoing cardiopul- 
monary bypass has increased to a total of 275, of which 110 cases were ventricular septal 
defects and 65 were atrial defects. An important change in technique in the past 100 
patients was elimination of cardioplegic drugs in repair of ventricular defects. At present, 
intermittent occlusion of the ascending aorta is used to reduce coronary venous return and 
myocardial contraction continues while the ventriculotomy is open. This method provides 
for adequate visualization of the defect, shortens the required period of bypass, and avoids 
possible prolonged effects of potassium excess in the myocardial fiber. Another change 
in technique was use of compressed polyvinyl sponge in large atrial defects of the secundum 
type, particularly in older patients. The sponge is used as a patch sutured into the defect 
with continuous sutures to avoid tension on the repair. 


(End of Society for Vascular Surgery papers.) 
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MYOCARDIAL REVASCULARIZATION: A COMPARISON OF 
INTERNAL MAMMARY AND SUBCLAVIAN ARTERY IMPLANTATION 
IN THE LABORATORY 


Maurice C. Fuquay, M.D.,* Lewis S. Carey, M.D., ** V. M.D.,*** 
AND JOHN H. Grinp.ay, M.D.,**** RocHEsTER, MINN. 


T HAS been demonstrated that anastomotic channels will develop between 

existing arterial vessels and an internal mammary artery when the latter 
is implanted into the ventricular myocardium of the normal dog heart.! 
From this observation, a study was made to compare histologically and 
functionally the results of implantation of the internal mammary artery 
with those of implantation of the left subclavian artery. Important con- 
siderations in the evaluation of implantation of the internal mammary artery 
have been the presence and degree of degenerative changes within the wall 
of the vessel and the volume of blood which reaches the heart through the 
newly developed channels.” It was felt that the subclavian artery with its 
larger lumen might be less likely to become obliterated as a result of intimal 
proliferation and might offer better opportunity for the development of 
collateral channels, thus allowing the flow of a greater volume of blood to 


the heart. 
EXPERIMENTAL METHODS 


Implantation of the internal mammary artery was performed in 25 dogs 
by dissecting the artery free of the chest wall from the second or third to the 
sixth or seventh left intercostal space. The artery was ligated and divided at 
the level of the seventh rib, and the proximal portion, with 2 to 4 freely bleed- 
ing intercostal branches 2 to 6 mm. in length, was drawn into a previously made 
tunnel in the wall of the left ventricle. The tunnels varied between 2.5 and 
3.5 em. in length and were at a depth in the myocardium approximately mid- 
way between the epicardium and the endocardium. 

Implantation of the subclavian artery was performed in 12 dogs after di- 
viding the vessel distal to its 4 branches and drawing the free portion of the 
artery, with its branches freely bleeding, into a tunnel in the left ventricle. In 
this procedure the branches were 0.5 to 1 em. in length. In both procedures 
the distal end of the implanted vessel was ligated and attached to the epi- 
cardium by a cotton stay suture as shown in Fig. 1. 
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These 2 procedures were compared from the following standpoints: (1) 
protection against death or myocardial infarction following ligation of the 
anterior descending branch of the left coronary artery, (2) demonstrability 
of anastomosing channels, (3) degree of intimal proliferation in the implanted 
vessel, and (4) the volume of blood flowing to the heart through the implanted 
vessel. 

A control procedure was performed on a third group of 9 dogs. In this 
group internal mammary implantation was followed immediately by ligation 
and division of the implanted artery near its site of entry into the myocardium 
thus isolating the implant from the arterial blood stream. 

All animals used in the experiments were healthy mongrel dogs and ranged 
in weight from 11.2 to 23.3 Kg. Pentobarbital sodium, 0.025 Gm. per kilo- 
gram of body weight, was given intravenously for anesthesia, and respiration 
was maintained with a mechanical respirator. 


mammary a. ‘Ant. descending br. 


Fig. 1.—Implantation of the internal mammary artery (left) and the subclavian artery (right). 


RESULTS 


There were 3 operative deaths following implantation of the internal mam- 
mary artery: one animal died at the time of implantation of ventricular 
fibrillation and 2 died within the first postoperative day, one of hemothorax and 
the other of indeterminable causes. 


In all 3 groups implantation was followed in 7 to 14 weeks by ligation 
and division of the descending branch of the left coronary artery at its origin. 
In the internal mammary group, 12 of the remaining 22 dogs (54.5 per cent) 
survived ligation. In the subclavian group, 6 of the 12 dogs (50.0 per cent) 
survived. In the control group there was one survivor (11.1 per cent). Dogs 
failing to survive died within the first 4 postoperative days in all cases. In 
the internal mammary group, 6 animals died on the operating table due to 
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ventricular fibrillation and the remaining 4 died within 36 hours after oper: 
tion. In the subclavian group, 5 animals died on the operating table of fibri! 
lation and a sixth died 4 days postoperatively. In the control group, 6 ani 
mals died on the table of fibrillation and 2 animals died within 48 hours. 

In all groups the survivors recovered completely from the effects of ligation 
and all remained in a normal healthy state until the next phase of the experi- 
ment several weeks later. Thus in all cases the dividing line between survivor 
and nonsurvivor was clear cut. 

Histologic sections from animals surviving ligation were studied later to 
determine whether or not myocardial infarction was present and, if it was, 
to what degree. All 12 survivors with internal mammary implants showed 
microscopic evidence of anterior infaretion. Four survivors from the sub- 
clavian group were examined and 2 of these had anterior infarets and 2 did 
not reveal evidence of infarction. There was an anterior infarct in the sole 
survivor of the control group. The infarcts were divided, on the basis of 
severity, into grades 1, 2, and 3. An infarct graded 1 involved the subendo- 
cardial muscle only, an infaret graded 2 involved the subendocardial myocar- 
dium and extended partly but not completely through the myocardium, and 
an infarct graded 3 involved the entire thickness of the myocardium. In the 
internal mammary group 4 infarcts (33.3 per cent) were grade 1, 7 (58.3 per 
cent) were grade 2, and one (8.3 per cent) was grade 3. Of the 2 infarets 
from the subclavian group, one was grade 1 and one was grade 3. 

Within 6 to 24 weeks after ligation of the test artery, the animals in both 
the internal mammary and subclavian groups were anesthetized and killed. 
The heart and great vessels were removed so that the degree of patency of the 
implanted vessels and the presence and magnitude of newly formed collateral 
channels between the branches of the implant and the coronary system might 
be studied. A contrast medium containing a mixture of colloidal suspension 
of thorium dioxide (Thorotrast) and barium was injected into the specimens 
for x-ray study. The medium was introduced through the implanted vessel 
provided it was patent. The implant was considered to be patent only if the 
contrast medium filled the left coronary system and could be recovered from 
the cannulated left coronary artery. Also, it was considered essential that the 
implant and the left coronary system be clearly demonstrated roentgenograph- 
ically. Specimens from the animals that did not survive ligation of the an- 
terior descending artery were prepared and studied in the same manner as 
specimens from survivors. In the internal mammary group, the implant was 
sufficiently patent to allow filling of the left coronary system in 11 specimens 
(50.0 per cent): 8 implants (66.7 per cent) were from the 12 animals that 
survived ligation of the test artery and only 3 (30.0 per cent) were from the 
10 nonsurvivors. In the subclavian group all implants were patent and there 
was filling of the left coronary system on injection of the contrast medium. 
In the control group patency of the implanted vessels could not be demon- 
strated in any of the specimens. 
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Injected specimens of all groups were examined roentgenographically to 
demonstrate the presence of collateral vessels connecting the implanted vessel 
and the eoronary circulation (Figs. 2 and 3). In the preparations from the 
internal mammary and control groups in which the implants were not patent, 


Fig. 2.—Implanted subclavian artery after injection of contrast medium. Note filling of entire 
coronary system. 


Fig. 3.—A detailed view of tunnels injected with contrast medium. a, Implanted in- 
ternal mammary artery; b, implanted subclavian artery. Small vessels can be seen con- 
necting the implants with the coronary system. 
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the contrast medium was injected into the cannulated left coronary artery. 
In no instance in which the implant was not patent was there subseque:: 
demonstration of collateral channels, although the left coronary system wos 
well filled in every case. Interpretation of the roentgenograms from the in 
ternal mammary group was difficult in many cases, and good evidence for thie 
presence of gross anastomotic channels was not found. In 4 of the 22 speci- 
mens (18.2 per cent), however, there existed what appeared to be small eon- 
necting vessels between the patent implant and the coronary arteries. Two of 
these 4 specimens were from survivors and 2 were from nonsurvivors. In tlie 
subelavian group there was roentgen-ray evidence of collateral vessels in 8 of 
11 specimens studied (72.7 per cent). In this group, 5 survivors were studied 
and all had collateral channels while, of 6 nonsurvivors, 3 had collateral chan- 
nels. (One survivor is still alive awaiting further study.) 


Fig. 4.—Vinyl acetate cast of the coronary system following injection of a subclavian implant. 


Representative specimens with patent implants from the internal mam- 
mary and subclavian groups were injected with vinyl acetate in order to 
demonstrate more directly the collateral vessels connecting the implant and the 
left coronary system. Injection was made through the implant and in every 
case the implant, the coronary arteries, and the anastomosing branches were 
filled (Fig. 4). Study of detailed sections of the resulting casts was made in 
an effort to gain some knowledge of the actual diameter of the collateral ves- 
sels. However, because of the relatively small number of casts studied and 
the technical difficulties involved in measuring the caliber of the small branches, 
it was not possible to draw definite conclusions. It could not be ascertained 
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whether a section of a cast represented a newly formed vessel or a previously 
existing one, and, of course, it could not be assumed that the diameter of the 
east represented the true diameter of the vessel from which it was made (Fig. 


5). 


Fig. 5.—Detailed views of acetate casts. a, Internal mammary implant; b, subclavian 
implant. From the implant in each case small collateral channels can be seen connecting 
with the coronary system. 


Sections of the various parts of the transplanted artery from 17 of the 
22 dogs in the internal mammary group, from 10 of the 12 dogs in the sub- 
clavian group, and from 8 of the 9 dogs in the control group were examined 
histologically. Increased intimal connective tissue, sometimes eccentric, was 
found in all arteries from the 3 experimental groups. This intimal change 
did not resemble arteriosclerosis morphologically. Lipides were not found in 
the intima in sections stained with Sudan IV. Intimal proliferation was se- 
verest in the transplanted arteries from the control group, in which more than 
90 per cent of the original lumen had been obliterated in each ease. In addi- 
tion, partial thrombosis with organization was evident in 2 of the 8 arteries 
from this group examined histologically. Except in the areas suggesting focal 
thrombosis and subsequent organization, the intimal tissue had a loose appear- 
ance, contained only moderate amounts of collagen, and had a regular coneentric 
arrangement. 
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Intimal proliferation in arteries from dogs of the internal mammary grou» 
was less marked, although still generally severe (Fig. 6, a). These vessels hac 
been in place in the myocardium for 6 to 31 weeks. More than 75 per cent 
of the original lumen was obliterated by increased collagenous and elastic tissue 
in 11 of the 17 arteries from this group. The intimal tissue in 3 of these 17 
arteries also presented features suggestive of focal mural thrombosis with or- 
ganization. In one additional artery the lumen near the distal ligated end was 
completely occupied by an organized, recanalized thrombus. 


Fig. 6.—Cross sections of arteries (all stained with Verhoeff’s elastic tissue stain 
counterstained with van Gieson’s connective tissue stain). a, Internal mammary artery 11% 
weeks after implantation into a myocardial tunnel. More than 75 per cent of the original 
lumen has been obliterated by intimal connective tissue (x30, 4 off reduction). 6b, Specimen 
of subclavian artery of a normal dog taken from near its origin. The slight irregularity in 
thickness of the wall is not unusual at this site (x14, 14 off reduction). ec. Left subclavian 
artery 1 cm. from its origin. Note eccentric intimal connective tissue. Thirteen and a 
half weeks previously a more distal part of this artery had been implanted into the myo- 
cardium (X14, ¥ off reduction). d, Subclavian artery within left ventricular myocardium, 29 
weeks after implantation. Note minimal intimal thickening (13, 14 off reduction). e, Same 
as in d after 8 weeks. The loose intimal connective tissue, rounding out the folds in the 
vascular wall, approaches the average change for the experimental group (X13, ¥% off re- 
duction). f, Same as in d after 131%, weeks. This vessel exhibited the severest intimal pro- 
liferation in the subclavian experimental group. Small blood vessels, not clearly shown at 
this magnification, were present in the intimal tissue (x13, 44 off reduction). 
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Changes in the intima of transplanted arteries from the subelavian group 
were qualitatively similar, but generally less severe (Fig. 6, b, c, d, and e). In 
2 of the 10 vessels from this group examined histologically, there was only a 
narrow layer of increased intimal connective tissue, as shown in Fig. 6, d. Pro- 
liferated intima obliterated slightly more than 25 per cent of the original 
arterial lumen in 3 dogs and reduced the lumen more than 50 per cent of its 
original caliber in 4 dogs. The artery with the most severe intimal changes 
in this experimental group is shown in Fig. 6, f. The dense somewhat ir- 
regular connective tissue with much collagen and the small blood vessels in 
the intima suggested that the intimal proliferative changes were superimposed 
in places on organized mural thrombi. Such evidence of focal thrombosis was 
found in the transplanted artery in 6 other dogs in the subclavian experi- 
mental group. In 5 of these there was no significant diminution in the vascular 
lumen except by superimposed proliferated intimal connective tissue. The 
walls of the transplanted artery in one dog were collapsed and the lumen oc- 
cupied by a recanalized thrombus. This dog died 4 days after ligation of the 
anterior descending branch of the left coronary artery. Consistent histologic 
differences were not found when comparing the transplanted arteries of dogs 
which died after ligation of the anterior descending branch with those of dogs 
which survived this procedure. 

Intimal proliferative changes in the transplanted arteries of dogs of the 
internal mammary group usually started at the point of dissection of the 
internal mammary artery from the chest wall and usually increased in se- 
verity distally. Intimal changes in the transplanted subclavian arteries were 
found in the entire length of the vessel in each case. In most of these cases 
also the severity of the changes increased distally but with a less definite gradi- 
ent than in the internal mammary group. The severity of intimal changes in 
these experimental groups did not seem to depend upon the length of time the 
transplanted artery had been in place, within limits of the experiments (com- 
pare Fig. 6, d with f). The increase in intimal connective tissue was sometimes 
more severe in the branches of the subclavian artery than in the subclavian 
artery itself. In some instances thrombosis was evident in the branches but 
not in the transplanted subclavian artery itself. 

Sections taken through the open ends of branches of the subclavian artery 
in the myocardial tunnel sometimes showed their lumina to be continuous with 
those of large thin-walled vascular channels proceeding into the surrounding 
sear tissue. The walls of such channels contained neither elastic tissue nor 
smooth muscle. 

Loss of smooth muscle from the media of the transplanted subclavian 
arteries was focal, perhaps being limited to areas traumatized during the 
operative procedures. In some eases elastic membranes in these same areas 
were disrupted. Similar focal loss of smooth muscle was found in some arteries 
of the internal mammary group. In the control dogs, loss of medial muscle 
was apparent in all vessels and was usually diffuse and severe. 
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From both the internal mammary and the subclavian groups, animals 
that survived ligation of the descending artery were studied to determine thx 
volume of blood per minute that reached the heart through the implant.* The 
animals were anesthetized in the usual manner and heparinized with heparin 
sodium, 0.005 Gm. per’ kilogram of body weight. A continuous bubble-type 
flowmeter was used and was engaged into the implant in its free portion just 
proximal to the heart. Continuous femoral arterial blood pressure was re- 
corded and throughout the procedure the initial arterial bloood pressure was 
maintained at a constant level by the administration of whole blood. Three 
dogs from the internal mammary group were used for flow determination. 

Unfortunately one implant in this group proved not to be patent. Intima! 
proliferative change had in effect occluded the vessel and, on section in the 
living animal, neither forward nor retrograde flow was demonstrated. In the 
other 2 dogs in this group, definite forward and retrograde flows were evident, 
but in each case the flow toward the heart was less than 1.0 ¢.c. per minute. 
In a series of 4 dogs from the subclavian group, the flow per minute was, re- 
spectively, less than 1 ¢.c., 7.0 ¢.¢., 15.2 ¢.e. and 13.5 ¢.c., and definite forward 
and retrograde arterial flows were demonstrated in each. It was felt important 
to observe arterial flow from both directions in the implant. When such was 
demonstrated, it could be felt with certainty that the implant could serve as 
a souree of systemic blood and also that definite arterial collateral channels 
existed in the tunnel portion of the implant. Pressures were taken from both 
the proximal and distal ends of the implant occluded in its mid-portion, and 
in every instance, while pressures at both sites approached the normal femora! 
arterial pressure, a definite gradient occurred in the direction of the heart. 
The average difference between the 2 pressures was 8 mm. Hg in the internal 
mammary group and 14 mm. Hg in the subclavian group. Thus, without excep- 
tion, the natural direction of flow of blood through the implant was toward 
the heart. And, of course, blood was seen to travel in the direction of the 
heart through the flowmeter in all specimens. 


SUMMARY 


From these results it is suggested that implantation of the internal mam- 
mary or the subclavian artery into the myocardium of the dog will afford some 
degree of protection against death of the animal when the descending branch 
of the left coronary artery is ligated. There is no marked difference between 
the 2 procedures in the ability to protect against death. However, implantation 
of the subelavian artery appears to offer greater protection against the oe- 
currence of infarction. 

From the number of specimens studied it was impossible to draw definite 
conclusions concerning the severity of infaretion, but within the limits of the 
experiments there was no apparent difference in the 2 procedures in this regard. 

The subclavian artery is more likely to remain patent after implantation 
than is the internal mammary artery, a finding supported by the percentage 


*Flow studies were done in collaboration with Dr. Hiram E. Essex. 
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of each group in which patency was demonstrated both by the gross method 
deseribed and roentgenographically. Histologic studies revealed a greater 
degree of obliteration of the lumen in the internal mammary implant owing 
to proliferation of the intima. A larger proportion of patent implants in the 
surviving animals of the internal mammary group, as compared to the non- 
survivors, indicates that survival depends to some degree upon a patent im- 
plant. The relationship between patency of the implant and survival may be 
seen in Table I. 


TABLE I, COMPARISON OF RESULTS OF IMPLANTATION OF INTERNAL MAMMARY ARTERY AND OF 
SUBCLAVIAN ARTERY 


SURVIVORS NONSURVIVORS 
IMPLANT | IMPLANT 
TOTAL PATENT |NOT PATENT] TOTAL | PATENT |NOT PATENT] TOTATL 


Implantation of 
internal mam- 
mary artery 


Animals 12 8 + 10 3 7 22 

Per cent 54.5 66.7 33.3 45.5 30.0 70.0 100.0 
Implantation of 

subclavian artery 

Animals 6 6 0 6 6 0 12 

Per cent 59.0 100.0 — 50.0 100.0 — 100.0 
Control group 

Animals 1 0 1 8 0 8 9 

Per cent FE = 100.0 88.9 — 100.0 100.0 


The subclavian artery appears to offer better opportunity for the de- 
velopment of collateral channels than does the internal mammary artery, as 
shown by roentgenograms made after injection of contrast medium and vinyl 
acetate casts of the implanted vessels in both groups. As stated previously, 
definite conelusions could not be drawn regarding the actual size of the col- 
lateral vessels. However, while there is no doubt that collateral channels 
exist, it must be concluded that they are of a magnitude that will allow only 
relatively small blood flow at normal pressures. This was made apparent by 
flow studies. Flow determinations performed in each group of animals indi- 
cated that implantation of the subelavian artery might allow a greater volume 
of blood flow to the heart than implantation of the internal mammary artery. 
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CORONARY AND OTHER AIR EMBOLIZATION OCCURRING DURING 
OPEN CARDIAC SURGERY 


PREVENTION BY THE USE or GASEOUS CARBON DIOXIDE 


Henry T. M.D.,* DrypEN P. Morse, M.D.,** 
Hirose, M.D.,*** PHILADELPHIA, Pa. 


IR embolization is an ever-present risk during cardiovascular surgery. It 

is probable that this accident will become more common with the increased 

use of open cardiotomy. A search of the literature fails to reveal a report of a 
single ease of proved coronary air embolism in a human being with survival. 
We are reporting such a ease of coronary air embolism which occurred during 
the course of an open eardiotomy for aortic stenosis using a pump-oxygenator 
and complete cardiae bypass. We were able to resuscitate the heart by measures 


similar to those first suggested by Geoghegan and Lam* ° with ultimate survival 
of the patient. 
CASE REPORT 


J.H., a 55-year-old man, was admitted to Hahnemann Hospital on June 19, 1956, com- 
plaining of easy fatigability, exertional dyspnea, and syncope. 

He had rheumatic fever at the age of 9 and typhoid fever at the age of 23. A heart 
murmur was first detected at the age of 40 when he developed fatigue and noticeable exer- 
tional dyspnea. However, he did relatively well until the age of 50 when he developed 
dizziness, occasional episodes of precordial pain, and shortness of breath upon slight exertion. 
The symptoms were progressive. Six months prior to admission, he developed severe pul- 
monary congestion, hemoptysis, and syncopal attacks. Gitaligin (0.5 mg.) was administered 
daily and his activities were restricted. Because of increasing disability and inability to 
return to work on this regimen, the patient was referred to the Bailey Thoracic Clinie in 
Philadelphia for consideration of possible surgery. 

Physical examination revealed a well-developed well-nourished white man in no acute 
distress. The blood pressure was 80/60 mm. Hg. He had a normal sinus rhythm and a pulse 
rate of 80 per minute. There was a grade 3, rough systolic murmur at the aortic area. 
This radiated to the neck and to the apex of the heart. No diastolic murmur was heard. 
The aortic second sound was absent; the pulmonary second sound was diminished. The 
lungs were clear. There was no hepatomegaly and no pedal edema. 

The electrocardiogram revealed a normal sinus rhythm and evidence of left ventricular 
hypertrophy and strain. . 

X-ray films of the chest showed the heart to be enlarged (2 plus) in its transverse 
diameter. The left ventricle was enlarged 2 plus, and the other chambers were considered 
to be of normal size. The aortic knob was prominent; the pulmonary vascular markings 
were normal. There was moderate to heavy calcification of the aortic valve. 
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Combined right and left cardiac catheterization was performed on June 26, 1956. 
This revealed a mean systolic gradient across the aortic valve of 50 mm. Hg. The cardiac 
output was 5.2 liters per minute; the peripheral oxygen saturation was 89 per cent; the 
pulmonary arterial pressure was 32/15 mm. Hg. 

It was the decision of the medicosurgical conference that the patient be submitted 
to aortic commissurotomy. It was felt that the operation should be an open procedure be- 
eause the aortic valve was heavily calcified, rendering a complete commissurotomy improbable 
by either of the closed methods (transventricular dilatation or transaortie commissurotomy ). 
Also it was felt that there would be appreciable danger of calcific embolization in such a case 
with any closed technique. 

Open surgery was performed on June 30, 1956, using the Friedland-Gemeinhardt oxy- 
genator and the Sigmamotor pump. A bilateral thoracotomy was performed, the anterior 
half of both fourth ribs being resected. The sternum was transected at the level of the 
fourth costal cartilages. Meticulous hemostasis was established in order to avoid the com- 
plication of postheparinization bleeding. The anterior aspect of the pericardium was incised 
in the shape of the capital letter “H.” All the cut pericardial edges were oversewn with 
a continuous locked suture of 3-0 atraumatic cotton. 

Heparin sodium (1.5 mg. per kilogram body weight or 110 mg.) was given intra- 
venously. A No. 20 plastic catheter was inserted into the descending aorta through the 
proximal portion of the incised left subclavian artery. Under the guidance of a finger 
inserted through the right auricular appendage, a small No. 18 French plastic catheter 
was inserted into the coronary sinus for retrograde perfusion of the coronary vascular bed 
by way of a stab wound made in the right atrial wall. The catheter was fixed in place by 
a ligature placed about the coronary sinus. Two No. 24 plastic catheters were inserted, re- 
spectively, into the superior and inferior venae cavae through incisions made into the right 
auricular appendage. Umbilical tapes were placed around both venae cavae and were used 
as occluding tourniquets about the catheters during the period of total bypass. These 
catheters were connected to the pump-oxygenator, and a partial bypass was started at a 
flow rate of 1,500 ¢.. per minute. Complete bypass was established and the flow was 
increased to 3,000 ¢.c. per minute. 

The ascending aorta was cross-clamped 8 em. above the aortic valve with a noncrush- 
ing fenestrated clamp, and retrograde coronary perfusion was started at a flow rate of 
100 cc. per minute. The anterior wall of the ascending aorta was opened and the aortic 
valve was visualized. The valve was found to have become bicuspid due to complete in- 
flammatory obliteration of the anterior commissure. There was partial fusion of the other 
2 commissures. There was heavy calcification along the commissural lines. The leaflets 
were fibrotic and the opening was the size of a lead pencil. There was no evidence of 
aortic insufficiency. All commissures were divided fully to the annulus using special heavy 
angulated scissors. An adequate valve opening of approximately 2.5 sq. em. was obtained, 
apparently without the production of any incompetence. The caudal portion of the aortic 
incision was closed with a continuous everting suture of 4-0 arterial silk. This suture line 
was reinforced with an over-and-over suture of the same material. Then the blood was 
allowed to well up through the incision and a Bailey fenestrated vascular clamp (Fig. 1) 
was applied to close the remainder of the aortic opening. The occluding clamp was removed 
from the ascending aorta and the output of the heart-lung apparatus was reduced to 
1,000 ¢.c. per minute. The tourniquets about the venae cavae were released. 

The heart action became strong and the blood pressure rose to 110/70 mm. Hg. The 
pump was stopped. The remainder of the aortic incision was repaired and the clamp was 
removed from its wall. About one minute later air bubbles became visible within the an- 
terior descending branch of the left coronary artery. 

At this moment, cardiac action suddenly became weaker and, shortly, the heart went into 
ventricular fibrillation. Cardiac massage was carried out immediately in an effort to force 
these bubbles through the coronary arterioles and into the myocardial capillary bed. The 
pump was restarted at an output of 1,000 ¢.c. per minute, and this was increased gradually 
to 2,000 c.c. per minute. Defibrillation was accomplished by electric countershock and a 
sinus rhythm was re-established, However, the cardiac action was not strong enough to carry 
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the entire systemic circulation and the heart remained dilated. The partial bypass wa. 
reduced to a flow rate of 1,000 ¢.c. and the heart which was beating feebly, was su; 
ported by rhythmic manual compression. 

Two more short bouts of ventricular fibrillation ensued during the next few minut. - 
and were successfully overcome by electric countershock. Gradually, the cardiac action }. 
came stronger and the bypass was discontinued. After 10 minutes, the air bubbles visib). 
within the coronary arterial tree had disappeared. 


Fig. 1.—Bailey fenestrated Atraugrip clamp for partial exclusion of the aortic wall. 
The double Tow of gripping surfaces with an intervening fenestration provides unusual 
security against slippage. 


Lead II. 


Lead III. 


Fig. 2—Direct electrocardiographic tracings obtained from J. H. in the operating room shortly 
after resuscitation from ventricular fibrillation due to coronary arterial air embolism. 


The period of the total bypass was 7 minutes and that of partial bypass was 19 minutes. 
All the catheters were removed and the chest was closed with catheter drainage. Protamine 
sulfate was given in a dose of 2 mg. per kilogram body weight (140 mg.). 

The patient’s condition at the conclusion of the operative procedure was good. The 
blood pressure was 110/70 mm. Hg. The eleetrocardiogram showed normal sinus rhythm 
and no evidence of severe myocardial damage (Fig. 2). 


On the second postoperative day there was a short episode of atrial fiutter-fibrillation. 
This was controlled by the administration of additional digitalis. 


At the time of discharge on July 25, 1956, the electrocardiogram showed essentially 
the same pattern as at the time of admission (Fig. 3, A and B). The blood pressure was 
120/70 mm. Hg. The aortic systolic murmur was markedly diminished and a good aortic 
second sound was present. The postoperative x-ray films of the chest showed the lungs 


/ 

4 

— 


Volume 43 AIR EMBOLIZATION DURING OPEN HEART SURGERY 939 
Number 2 


to be clear and the heart to be unchanged in configuration (Fig. 4, 4 and B). Sinee dis- 
charge, the patient has reported complete relief from his preoperative symptoms of dizziness, 


dyspnea, and precordial pain. 
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A, Preoperative electrocardiographic studies of J. H. B, Electrocardiographic studies 


Fig. 3. 
of J. H. obtained 3 weeks postoperatively. 
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After a searching consideration, it is felt that the air embolism in this case probably 
does not represent a failure to observe proper precautions at the moment of sealing th 
aortic incision with trapping of air either within the left ventricle or the aorta. Ther 
was no failure of the coronary perfusion per se, thus precluding the possibility of direc: 
entrance of air into the ostia while the aorta was opened. Upon completion of suturing 
the aortic incision, apparently we failed to express completely any air which might have beer, 
contained within that portion of the aorta which was external to the excluding clamp. It is 
felt that when the clamp was removed, this air entered the aortic root and was aspirated 
into the coronary arteries. Since this experience it has been observed that pressure upou 
the suture line before releasing the aortic clamp nearly always will evacuate a small amount! 
of air through the suture holes. 


A, 
Fig. 4.—A, Preoperative roentgenogram of J. H. B, Three weeks postoperative roentgen- 


ogram of J. H. While there is evidence of residual pleural reaction and a high left diaphragm, 
the cardiac outline remains essentially unchanged. 


COMMENT 


Generally speaking, air embolism may occur in one of 3 ways. (1) Air 
may enter inadvertently into a peripheral systemic vein, usually as a result of 
traumatic or operative injury or injection (by syringe or the administration 
of infusion fluid under pressure). The nearer an injury occurs to the thoracic 
portion of the venous system, the greater the tendency of air to be aspirated 
into the venous return. In this type of embolism, the air normally is trapped 
at the first subdivision of the pulmonary artery or within the right ventricular 
outflow tract. However, in certain cardiac abnormalities such as transposition 
of one of these veins (into the left atrium) or defect of the atrial or ventricular 
septa, the air may bypass the lungs and enter the left side of the heart and so 
pass into the cerebral or coronary arteries or other segments of the systemic 
arterial circulation. (2) The air may enter the pulmonary veins due to either 
accidental or surgical trauma. One of the commonest examples is the air em- 
bolism which may accompany artificial pneumothorax or pleural paracentesis. 
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(3) The third type of air embolism is that in which air enters directly into one 
of the cardiac chambers or an artery through a laceration of one of its walls. 
This accident would seem also always to be a result either of surgical or acci- 
dental trauma. When the air enters the right side of a normally developed 
heart, it will be propelled into the pulmonary arterial tree, or, if the embolism 
is massive, air will collect within the right ventricular outflow tract. The very 
low (actually intermittently negative) pressure within the right atrium favors 
aspiration of air into this chamber should a laceration of its wall occur. 

The somewhat higher pressures which normally exist within the left atrium, 
especially in the presence of an open chest, tend to prevent air aspiration. The 
higher right ventricular and pulmonary arterial pressures militate strongly 
against aspiration in cases of direct injury. The much higher left ventricular 
and systemie arterial pressures would seem ordinarily to preclude the entrance 
of air through such an injury. 

Obviously in the performance of open heart surgery with complete cardio- 
pulmonary bypass, these normal protective mechanisms are destroyed and air 
may enter freely into any cardiac or vascular chamber which is opened surgically. 
In the presence of a septal defect, a free passage is provided for the entrance 
of air into the opposite (unopened) side of the heart. 

We have had 2 additional experiences with air embolization during the 
course of open cardiac surgery. One was an example of cerebral air embolism 
which oceurred at the time of successful closure of high intraventricular septal 
defect in an 18-year-old boy. (Fortunately, in this case, the ensuing tetraplegia 
has nearly disappeared now.) It was felt that this complication represented a 
failure to evacuate all the air from the left side of the heart as the last portion 
of the defect was closed even though blood was allowed to well up through the 
defect to empty the left ventricular chamber of air. 

Our other experience was with massive right-sided air embolism which 
occurred after cessation of the bypass in an operation for congenital heart 
disease but before decanulation of the circulatory system had been earried out. 
The air apparently was aspirated into the right atrium from a loose junction 
between the atrial wall and the 2 vena eaval catheters which had been inserted 
in rather close mutual proximity through the right auricular appendage. The 
existence of massive right heart air embolism suddenly became apparent to the 
surgeon on the basis of 3 physical signs: (1) the sound of the blood and air 
churning back and forth in the right ventricular outflow tract (this sound 
had been described as a ‘‘mill wheel murmur’’ by Moore and Braselton’), (2) 
coarse fremitus from the bubbles which was evident upon placement of a finger 
over the right ventricular outflow tract, and (3) air-blood sworls which could 
be made out on close inspection through the wall of the semitransparent pul- 
monary artery. 

The treatment, which was successful, consisted of restarting the complete 
bypass and reopening the right ventricle to evacuate the air bubbles. The 
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logical prophylactic measure which we are employing now is to insert the 2 
venous catheters through 2 distantly separated areas in the right auricula: 
appendage or atrial wall. 

From the first 2 experiences, one of coronary and one of cerebral em- 
bolism, we feel that systemic arterial air embolization is an inherent and ever- 
present possibility in every patient in whom the systemic arterial system or the 
left side of the heart is opened, either directly or by way of a septal defect. 
Henee, we have reviewed the methods for obviating it which have been recon 
mended. 

PREVENTION 


For the prevention of air embolism, Miller, Gibbon, and eo-workers,* * have 
suggested the use of an air vent (in this case, a plastic tube) which may be 
inserted into the left ventricular apex for the aspiration of any air which might 
be admitted during open cardiotomy. 

Swan, Zeavin, and associates’? have discussed the prevention of air em- 
bolism during open eardiotomy under hypothermia. They feel that the major 
danger oceurs at the time of closure of the myocardial incision. Therefore, in 
order to remove all the air from the heart before the closure of the incision in 
its wall, the chest cavity is rapidly flooded with Ringer’s solution until the entire 
heart lies beneath the surface of the fluid. Then, as the heart beats, all residual 
air is evacuated. They also placed a nonerushing clamp across the base of the 
aorta and the pulmonary artery, including the coronary ostia, in an attempt to 
prevent coronary air embolism. 


Retrograde coronary perfusion by cannulization of the coronary sinus, first 
suggested by Blanco, Adam, and associates,’ offers a method of precluding 
coronary embolization while supplying oxygenated blood to the myocardium 
at the same time during open transaortie surgery upon the aortie valve. That 
technique, first employed in a human patient by Lillihei, DeWall, and co- 
workers® on Jan. 30, 1956, now has been used successfully in our Clinie in 
13 consecutive patients with severe aortie stenosis with one operative and one 
late death (due to subacute bacterial endocarditis) to date. 

For the prevention of the serious coronary air embolism in open aortic 
valvular surgery, the timing of the cessation of the retrograde coronary per- 
fusion ean be delayed. If the coronary perfusion should be terminated before 
establishing airtight closure of the aortie wall, an occasional minute amount of 
residual air within the ascending aorta or the coronary ostia might be foreed 
into the coronary tree. This hazard may be avoided by continuing the retro- 
gerade coronary perfusion until complete clamp or suture closure of the wall 
of the aorta has been accomplished. 


DISCUSSION 


Intraeardiae injection of carbon dioxide was tried in 1940 by Moore and 
Braselton® in a study of its embolic effect. This gas is approximately twenty 
times as soluble in serum or blood as is air (nitrogen-oxygen mixture) and, 
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in doses of up to 3 ¢.c. per pound of body weight, can be injected safely into 
ihe pulmonary vein in the eat. The gas is entirely taken up by the blood 
within 15 to 20 seconds. 

Stauffer, Durant, and Oppenheimer™ injected a large amount of carbon 
dioxide (7.5 ¢.e. per kilogram body weight) into an infant’s antecubital vein 
for x-ray visualization of the inner structure of the right atrium, tricuspid 
valve, and right ventricle and did not produce any appreciable effect except 
a transient apnea. 

Sones'® has injected carbon dioxide directly into the root of the aorta (by 
use of a eannula) in experimental animals as an aid in contrast visualization 
of the coronary arterial bed. 

At the suggestion of Dr. Houck E. Bolton® we began to employ gaseous 
carbon dioxide to displace the air contained within any opened cardiae chambers 
or great vessels before permitting the blood to well up from the interior as the 
structure is closed. Thus, any small bubbles of air which might be caught in 
crevices between chordae, interstices between cardiae trabeculae, or between 
irregularities of a calcified valve are replaced by the carbon dioxide which is 
so rapidly absorbed as to be innocuous clinically. This method has been used 
in 22 consecutive open heart operations without untoward consequence. 


TREATMENT OF CORONARY AIR EMBOLISM 

Coronary air embolism was studied experimentally by Geoghegan and 
Lam.*° They showed that the injection of 1.5 ¢.c. of air per kilogram of body 
weight into the dog’s left ventricle is uniformly fatal. The authors suggested, 
in eases of coronary air embolism, that after removing any exeess air from the 
apex of the left ventricle with a needle the descending aorta should be clamped 
and vigorous rhythmie manual compression employed to force the air bubbles 
through the coronary arterial bed into the capillary bed or even to the venous 
side. Should this resuscitation be complicated by the appearance of ventricular 
fibrillation, eleetrical defibrillation is carried out. Perfusion with a heart-lung 
apparatus merely represents a more efficient method of propelling the circulating 
blood. 

CONCLUSION 

1. Apparently the first instance of massive air embolism to the coronary 
arteries in a human being with long-term survival is presented. 

2. The imeasures employed in treating this patient are reported. 

3. One instance of cerebral and one of massive right heart air embolism 
oceurring in 2 other patients undergoing open heart surgery, both with survival, 
are also reported. 

4. Previously described methods of prevention of air embolism during open 
heart surgery are discussed. These include the use of air vents, filling of the 
chest with fluid, cross-clamping of the aorta and coronary orifices, and retrograde 
coronary perfusion. 
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5. A new technique for the prevention of air embolism during open hear 


surgery is presented in which carbon dioxide is used to displace possibly en 
trapped intracardiae or intravascular residual air. 


bo 
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MAINTENANCE OF CORONARY CIRCULATION DURING SYSTEMIC- 
TO-CORONARY ARTERY ANASTOMOSIS 


THomas C. Moore, M.D., anp ANGELO Ripert, M.D., INDIANAPOLIS, IND. 
(From the Department of Surgery, Indiana University Medical Center) 


HE gravity of the problems presented by obliterative coronary artery 

disease in man and encouraging success in other areas of cardiovascular 
surgery in recent years have stimulated renewed investigation of possible 
means of increasing the blood supply to the heart. The majority of the labora- 
tory and clinical studies have concerned indirect measures for improving coro- 
nary circulation. While a surprisingly large number of indirect procedures 
have been suggested and some have given very encouraging results, none of 
them has proved to be entirely satisfactory. 

Although the desirability of a direct attack on obliterative arterial dis- 
orders which may produce segmental obstruction has been established through 
recent experiences with aortic and femoral artery replacement and by-pass, 
relatively little effort has been directed toward investigating the feasibility of 
direct operative attack on coronary artery obstruction. The small caliber of the 
coronary arteries, the technical difficulties involved in handling them, and the 
hazards encountered in creating small artery grafts and shunts doubtless have 
served to deter more vigorous efforts in this area. 

Murray and his associates,* in 1954, described some of their experiences 
with systemic-to-coronary artery anastomosis in dogs. They discussed several 
possible methods for maintaining coronary circulation during anastomosis be- 
tween the left anterior descending branch of the coronary artery and various 
systemie arteries. Both polyethylene tube perfusion of the coronary artery 
with the animal’s own blood and the use of coronary perfusion from an ex- 
traneous reservoir of blood were mentioned. They reported some of their 
experiences with various types of anastomosis and stated that their best results 
were obtained when a free graft of carotid artery was used to carry blood from 
the aorta to the coronary circulation. 

Further experiences with systemic-to-coronary artery anastomosis were 
published in 1956 by Absolon and his associates,! and by Thal and his associ- 
ates.© The circumflex branch of the left coronary artery was used by prefer- 
ence for anastomosis to a systemic artery in both studies. Thal and his associ- 
ates felt that division of the left circumflex coronary artery was more critical 
than interruption of the left anterior descending coronary artery. They ob- 
served that acute occlusion of the main trunk of the left circumflex coronary 
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artery near its origin regularly resulted in ventricular fibrillation in 3 to > 
minutes, whereas occlusion of the anterior descending braneh of the lef 
coronary artery was tolerated far better. Coronary circulation during anasto 
mosis was maintained by them by means of perfusion of the circumflex coronar, 
artery with oxygenated blood containing heparin from an extraneous reservoir. 
Absolon and his associates, on the other hand, employed several types of poly- 
ethylene tube shunts to perfuse the coronary arterial circulation with the 
animal’s own arterial blood. 


Difficulty was encountered in all 3 of these published studies in obtaining 
a consistently high percentage of immediate survivals. In the 3 studies, the 
immediate survival from operation ranged from 30 to 50 per cent. Myocardial 
ischemia and ventricular fibrillation were the principal sources of trouble. 

Because of the vital importance of avoiding myocardial ischemia during 
systemic-to-coronary artery anastomosis, it has seemed desirable to record an 
effective method for maintaining adequate coronary arterial circulation during 
the anastomosis. The method has the additional advantage of permitting the 
operator to carry out a precise, anatomic arterial anastomosis. This technique 
was developed through trial and error in the course of attempts at systemic-to- 
coronary artery anastomosis in approximately 50 dogs. The suitability of the 
method has been investigated in an additional 20 dogs. By means of this 
technique, it has been possible to achieve consistent immediate survival of the 
animals with systemic-to-cireumflex coronary artery anastomosis following 
proximal ligation of the circumflex coronary artery. 


MATERIAL AND METHODS 


Healthy mongrel dogs were used. The weight of the dogs ranged from 
13 to 42 kilograms. A mixture of oxygen and ether, delivered through an 
endotracheal tube by means of a mechanical respirator, was employed for 
anesthesia following induction with intravenous Pentothal. Electrocardio- 
graphic leads were secured to the animal’s extremities prior to cleansing and 
draping the site of intended incision. A transverse sternum-splitting incision 
in the fourth or fifth intereostal space was used initially in a few animals. 
However, it was soon discovered that the technique could be earried out satis- 
factorily through a left thoracotomy incision in the fourth or fifth intercostal 
space. 

Upon entering the chest, the lung was retracted and the pericardium was 
opened widely. The left circumflex coronary artery was dissected free from 
the point of its origin for a distance of approximately one centimeter. Dis- 
section of the left subclavian artery then was carried out (Fig. 1). 

The vertebral, costocervical, and omocervical branches of the left sub- 
clavian artery were ligated and divided. The internal mammary (internal 
thoracic) artery was freed up and distal ligatures were placed around those 
smaller branches which were encountered. The distal subclavian and internal 
mammary arteries then were ligated just distal to the point of the intended 
division of these arteries. A Potts coarctation clamp was placed across the 
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main trunk of the subclavian artery and the distal subelavian and internal 
mammary arteries were divided immediately proximal to the occluding liga- 
tures on these vessels. 


All loose areolar tissue was cleared from the internal mammary artery 
and any small branches arising from the internal mammary artery were 
ligated with 6-0 silk at the point of their origin. A siliconed polyethylene tube 
of sufficient size to fill completely the lumen of the internal mammary artery 


Subclavian a. 


Int. Mammary a. 


Left Coronary a. Circumflex Branch 


F Int. Mammary a. 


Fig. 1.—Drawings illustrating the steps in the technique for carrying out an end-to- 
end anastomosis between the internal mammary (internal thoracic) artery and the circum- 
flex branch of the coronary artery. An indwelling, siliconed polyethylene tube is employed 
to maintain coronary circulation during the anastomosis. Interrupted everting mattress 
sutures of 6-0 arterial silk are used. 


Was inserted into this artery through the open end of the distal subclavian 
artery. One end of the tube had been divided transversely and the other end 
was bevelled. The tube was passed until the transversely divided end lay 
free in the subelavian artery and the bevelled end protruded approximately 


one centimeter from the distal end of the internal mammary artery. The tube 
was secured in place and the possibility of blood loss around the tube was 
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controlled by two 3-0 silk ligatures which were placed around the interna! 
mammary artery approximately one centimeter apart. An occluding Potts 
coarctation clamp then was placed across the open end of the distal subclavian 
artery. This clamp also was to serve as a means of controlling and manipulat- 
ing the internal mammary and polyethylene tube shunt during insertion of 
the tube into the circumflex coronary artery and subsequent anastomosis of 
this artery with the internal mammary. 


An amount of heparin equal to one milligram per kilogram of the dog’s 
weight was injected intravenously. After a suitable delay, the Potts clamp 
occluding the subclavian artery was released momentarily to permit the artery 
distal to the clamp and the polyethylene tube to fill with heparinized blood. 


Two untied 3-0 silk ligatures were placed around the freed up circumflex 
coronary artery. The proximal ligature was used to ligate this artery at the 
point of its origin. Just distal to this ligature a small transverse incision was 
made in the circumflex artery. The bevelled end of the polyethylene tube 
was inserted through this opening and directed distally. The polyethylene 
tube was passed distally until the end of the internal mammary artery from 
which the tube projected barely touched the distal end of the partially divided 
circumflex coronary artery. The second untied ligature around the cireum- 
flex artery was then tied, approximating the wall of the artery to the poly- 
ethylene tube within its lumen. This ligature served to secure the tube in place 
and to prevent loss of blood from the distal end of the partially divided artery. 
The occluding Potts coarctation clamp across the main trunk of the subclavian 
artery was then released permitting heparinized arterial blood from the ani- 
mal’s subelavian artery to be directed into the distal segment of the ligated 
circumflex coronary artery. The supply of oxygenated blood to the occluded 
segment of the coronary arterial system, thus, was re-established. In all of 
the animals, the duration of this initial interruption of the coronary circula- 
tion was recorded. 


With the coronary circulation re-established, it was possible to proceed with 
an accurate and unhurried end-to-end anastomosis between the internal mam- 
mary and circumflex coronary arteries. The size of these two arteries was re- 
markably similar in the majority of animals. Interrupted everting mattress 
sutures of 6-0 arterial silk were used by preference for the anastomosis. Fol- 
lowing placement of the initial 2 or 3 mattress sutures, the remainder of the 
circumflex coronary artery was divided. The number of everting mattress 
sutures generally required to complete the anastomosis varied from 8 to 12. 
The indwelling polyethylene tube not only served as a satisfactory temporary 
conduit for arterial blood during the anastomosis but also acted as an exceed- 
ingly useful internal scaffold for preserving an adequate lumen at the site 
of anastomosis. This scaffold, in addition, greatly facilitated the carrying 
out of some of the more tedious technical features of the careful end-to-end 
anastomosis with interrupted everting mattress sutures of 6-0 arterial silk. 


When the anastomosis was completed, the single securing ligature around 
the circumflex coronary artery and the indwelling tube and the 2 ligatures 
around the internal mammary artery and the tube were divided and removed. 
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Although bleeding at the suture line seldom was a problem, any bleeding 
which might occur could be controlled easily by an additional ligature. With 
the polyethylene tube still in place this additional suture could be placed 
accurately without compromising the lumen at the anastomosis. 

The coronary arterial circulation again was interrupted briefly for re- 
moval of the polyethylene tube. A Potts coarctation clamp was placed across 
the base of the subclavian artery and the coarctation clamp across the distal 
subelavian artery was released. A small hemostat was thrust quickly through 
the open end of the distal subclavian artery into the lumen of the subclavian 
artery. The end of the polyethylene tube was grasped and the tube was 
speedily removed. The hemostat then was used to clamp the open end of the 
distal subelavian artery. The Potts clamp across the main trunk of the sub- 
elavian artery was released and coronary circulation was promptly restored. 
The clamped end of the distal subclavian artery was ligated with a 3-0 silk 
ligature. Although the shunt thus created was curved from the origin of the 
subelavian artery to the anastomosis of the internal mammary artery into the 
circumflex coronary, there was no evidence of kinking (Fig. 2). 


_ Fig. 2.—Photograph at operation showing the appearance of the shunt and anasto- 
mosis (arrows) following removal of the indwelling polyethylene tube and ligation of the 
distal end of the subclavian artery. 


No effort was made to close the widely opened pericardium. The chest 
wall was closed in layers and a catheter which was left in the chest during 
closure was aspirated and withdrawn. Protamine sulfate in an amount equal 
to one milligram per kilogram of the dog’s weight was given intravenously 
during closure of the chest. Electroecardiographie tracings were generally made 
prior to operation, during the coronary occlusions and the earrying out of the 
anastomosis, and following operation. Throughout the procedure the myo- 
cardium was observed carefully for evidence of ischemia. 


RESULTS 


The end-to-end anastomosis of the internal mammary artery to the cir- 
cumflex coronary artery was carried out as described in 20 consecutive dogs 
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without immediate fatality. Not only did all of the dogs survive the immedia 
operation but all of them lived a minimum period of at least 24 hours followin » 
operation. 


The period of cireumflex coronary artery occlusion during insertion «/ 
the polyethylene tube ranged from 35 to 135 seconds and averaged approxi. 
mately 70 seconds. The time required to remove the tube was somewhat less. 
The duration of interruption of coronary circulation necessary for removal 
of the tube varied from 15 to 70 seconds and averaged approximately 33) 
seconds. The period of temporary polyethylene tube shunt maintenance of 
coronary arterial circulation during completion of the anastomosis ranged froin 
20 to 35 minutes. The anastomosis was carried out in a leisurely manner and 
no effort was made to substitute speed for careful technique. 


Suture line bleeding at the completion of the anastomosis with inter- 
rupted everting mattress sutures seemed to be somewhat less of a problem than 
that experienced when a continuous over-and-over suture has been used for 
small artery anastomosis as reported elsewhere.” 

In some of our earlier experiences with attempted systemic-to-coronary 
artery anastomosis, considerable difficulty was encountered with thrombotic 
occlusion of the polyethylene tube during the anastomosis and of the completed 
shunt and anastomosis following removal of the tube. Similar difficulty with 
early thrombotic occlusion was experienced with systemic-to-coronary anasto- 
moses prior to the use of polyethylene tubes. Sileoning the lumen of the 
polyethylene tube and heparinization of the animal during the anastomosis 
have eliminated this problem. 

Electrocardiographic tracings were made in 14 of the dogs and were nor- 
mal throughout the anastomosis in all of them (Fig. 3). The brief periods of 
coronary cireulation interruption utilized were tolerated well by the animals 
and they produced surprisingly little electrocardiographic alteration. The 
color of the myocardium remained normal throughout the operation in all. 
The large areas of myocardial ischemia and cyanosis which were seen so fre- 
quently in our earlier experiences with systemic-to-coronary artery anasto- 
mosis were not encountered in this consecutive series of animals. 


Although the immediate survival of the animals has been encouraging, 
difficulty has been experienced in achieving a significant number of long-term 
survivals. Two of the dogs have been lost from the colony. Of the remaining 
18 animals, 7 survived from 24 to 72 hours following operation, 6 from 5 to 20 
days, and 5 from 3 weeks to 4 months. The anastomosis was found at autopsy 
to be patent in 12 of the 18 animals. Anastomotic patency was observed in 6 
of the 7 animals surviving from 24 to 72 hours and in 4 of the 6 surviving 
from 5 to 20 days. <A lesser degree of patency was found in those animals which 
survived from 3 weeks to 4 months. The anastomosis was patent in only 2 of 
the 5 animals in this group. Clear evidence of myocardial infarction was en- 
countered in 4 of the 6 dogs in which occlusion of the anastomosis occurred. 
It was not found in any of the animals in which the anastomosis had remained 
patent. 
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It also may be of interest that anastomotic patency was observed in one 
animal, included in an earlier series, at the time of inadvertent sacrifice 4 
months following operation. In this animal, the internal mammary artery had 
been anastomosed end-to-end to the middle portion of the left anterior de- 
scending coronary artery by essentially the same technique as described in 
this report. 


Fig. 3.—Electrocardiographiec tracings taken (A) before, (B and C) during, and (D) 
after internal mammary-to-circumflex coronary artery anastomosis. Tracings B and C 


are made 10 and 20 minutes following circumflex coronary artery ligation and the initiation 
of coronary perfusion through the indwelling polyethylene tube. 


DISCUSSION 


The present report is concerned principally with the description of a spe- 
cific technique for maintaining coronary artery circulation during systemic-to- 
coronary artery anastomosis and the results of its use in 20 consecutive animals. 
Our earlier exploratory experiences with attempted systemic-to-coronary artery 
anastomosis or grafting in 50 dogs utilizing a variety of methods, including 
hypothermia, were largely unsuccessful. The details of these efforts will be 
presented briefly elsewhere.* 

The report by Murray and his associates‘ was presented largely in the 
form of a general discussion of the problems of systemic-to-coronary artery 
anastomosis and relatively little specifie experimental data were given. The 
only data presented concerned the use of a free graft of carotid artery from 
the aorta to the left anterior descending coronary artery. They stated that 
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their best results were obtained with this type of graft. Only 5 of the 17 ani 
mals operated upon survived the procedure. In this regard, it also should be 
pointed out that occlusion of the left anterior descending coronary artery is 
less critical than cireumflex coronary occlusion. 

Absolon, Aust, Varco, and Lillehei' used the left cireumflex coronary arter, 
for systemic arterial anastomosis, with the internal mammary artery in 12 
dogs and the carotid artery in 15 dogs. Immediate survival was obtained in 
only 8 of the 27 animals. Their major difficulties resulted from thrombotic 
occlusion of the polyethylene tube shunt and from delay in shunt insertion 
which exceeded 4 minutes. They experienced a high incidence of ventricular 
fibrillation and suggested that the use of total cardiac by-pass by means of a 
pump oxygenator might help solve some of their problems. 

Although Thal and his associates’ did not state the number of animals 
operated upon by them, they did relate that approximately 50 per cent of 
the animals survived the immediate procedure. They also used the circumflex 
coronary artery for anastomosis. Ventricular fibrillation due to prolonged 
myocardial ischemia from inexpert cannulation consuming over 2 minutes was 
regarded as their greatest source of difficulty. Coronary circulation was main- 
tained by the flow, under pressure, of heparinized oxygenated blood from an 
extraneous bottle reservoir. They observed that a flow of 10 to 20 cc. per 
minute was sufficient to maintain normal cardiac rhythm for as long as 30 
minutes. 

Any method employed to maintain coronary arterial circulation during 
systemic-to-coronary artery anastomosis should not only provide an adequate 
amount of oxygenated blood to the myocardium distal to the point of coronary 
occlusion, but should also, if possible, facilitate the carrying out of the ex- 
ceedingly tedious small arterial anastomosis required. It is important that the 
animal survive the operation and that the anastomosis be a careful and ac- 
curate one carried out in a dry field and free from blood loss. With the tech- 
nique reported, one may obtain consistent immediate operative survival. Myo- 
cardial ischemia and eardiac irregularities are avoided. The indwelling poly- 
ethylene tube, in addition, serves as a helpful internal scaffold for the anas- 
tomosis and its presence provides a useful means of handling the anastomosis 
during the precise placement of the interrupted everting mattress sutures of 
6-0 arterial silk. 


SUMMARY 


1. The relatively limited reported experience with systemic-to-coronary 
artery anastomosis is reviewed briefly. 

2. A method for maintaining coronary circulation during systemic-to- 
coronary artery anastomosis is described. Anastomosis is carried out end-to- 
end with interrupted everting mattress sutures of 6-0 arterial silk over an in- 
dwelling polyethylene tube which also serves as a conduit for arterial blood 
from the animal’s subelavian artery to its cireumflex coronary artery. 
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3. The left cireumfiex artery is ligated at its origin and anastomosis is 
performed between the internal mammary artery and the circumflex coronary 
artery. 

4. The lumen of the polyethylene tube is siliconed and systemic hepariniza- 
tion of the animal prior to the anastomosis is employed. Thrombotic occlusion 
did not occur in the tube or the arterial shunt during the period of the opera- 
tion. 

5. The technique as described was carried out in 20 consecutive dogs with 
100 per cent immediate survival of the animals. In none of the animals 
studied was there evidence of electro-cardiographic abnormality or of myo- 
cardial ischemia before, during, or after the procedure. 

6. The intervals of coronary arterial circulation interruption were small 
and essentially unlimited time was provided for a careful and unhurried 
anastomosis. 

7. The anastomosis and the adjacent arterial segments were found to be 
patent on post-mortem examination in 12 of 18 animals. However, patency 
of the anastomosis was observed in only 3 of the 7 animals known to have 
survived more than 2 weeks. 
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MULTIPLE PERIPHERAL ARTERIAL EMBOLI 


C. McGariry, M.D., anp D. Loaan, JR., M.D., 
Emory UNIVERsITy, Ga. 


(From the Whitehead Department of Surgery, Emory University School of Medicine) 


MBOLISM is the plugging of a vessel which occurs when a clot or foreign 
material transported by the blood stream becomes lodged at a point he- 
yond which it cannot go because of its size or consistency. Emboli may be 
solid, liquid, or gaseous, but unless special distinction is made the term is 
generally understood to refer to a portion of blood clot originating elsewhere 
in a parent thrombus. Emboli may obstruct a major vessel and cause distal 
gangrene unless collateral circulation is good or adequate flow can be re- 
established in the affected vessel. Emboli may lodge in any vessel supplying 
the viscera, brain, lungs, or extremities. The data presented here pertain only 
to peripheral arterial emboli. 

The possible occurrence of multiple arterial emboli in individuals is men- 
tioned in significant data and reports on peripheral arterial emboli.® ® 1 " 
Any embolus may be one of a series or one of several occurring simultane- 
ously. Multiple emboli may locate successively in the same site or may oceur 
in different areas hours or years after the previous one. The time element is 
unpredictable because embolism is a secondary condition resulting from pri- 
mary disease elsewhere. It is important to keep this cause-and-effect relation- 
ship in mind in determining the immediate treatment and also in considering 
prophylactic measures. There are many reports of multiple emboli in the lit- 
erature.* ® 7 1% 11, 15,16 Jn one ease, an embolus occurred in a major vessel in 
all 4 extremities simultaneously. One of our patients had 5 peripheral emboli 
but all oceurred at different times. 

The data for this report were taken from the records of The Grady Me- 
morial Hospital, Emory University Hospital, and the Veterans Administration 
Hospital, all of Atlanta, Georgia, and cover the 6-year period from 1950 to 
1956. There were 64 patients with a total of 86 peripheral arterial emboli. 
However, 16 (25 per cent) of the patients accounted for 38 (44 per cent) of 
the emboli (Table I). 


TABLE I. ARTERIAL EMBOLI (1950-1956) 


Total number of patients 64 
Total number of emboli 86 
Number of patients with multiple emboli 16 
Number of multiple emboli 38 
Number of Patients Number of Emboli 

1 5 

3 3 

12 2 

48 1 
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Age and Etiology.—There was no age difference between the people with 
multiple emboli and the others in the group reviewed. The data showed that 
auricular fibrillation and myocardial infarction were the major sources of 
the multiple emboli (Table IT). 


TABLE II. Sources oF MULTIPLE EMBOLI 


NUMBER OF 


PATIENTS PER CENT 
Auricular fibrillation 10 62.5 
Myocardial infarction 4 25.0 
Undetermined 2 12.5 


Daley* points out that multiple small emboli are closely related to sub- 
acute bacterial endocarditis and that the possible presence of this disease 
should be considered when multiple emboli occur. Subacute bacterial endo- 
carditis is also responsible for numerous visceral emboli. There were no cases 
of multiple peripheral emboli associated with subacute bacterial endocarditis 
in this group. 

Treatment.—Treatment for multiple emboli is essentially the same as for 
any single embolus. Prompt diagnosis and early treatment are necessary 
for good results. If collateral circulation is inadequate to insure survival of 
distal tissue and the patient’s condition permits, embolectomy is the treat- 
ment of choice. Whenever possible, embolectomy should be performed in 
eases where the embolus stops at the bifurcation of the aorta, iliac, and 
femoral vessels. Nonsurgical treatment using sympathetic blocks, anticoagu- 
lants, and oscillating bed usually gives good results when there is adequate 
collateral cireulation. Regardless of the type of treatment, results were bet- 
ter in our patients with multiple emboli than in those with single emboli. 
Satisfactory results were obtained in 82.6 per cent of the multiple emboli 
patients with embolectomy and in 66.6 per cent of those with nonsurgical 
treatment. By comparison, satisfactory results were obtained in 59 per cent 
of the patients who had a single embolus treated by embolectomy, and in only 
33.3 per cent of those who were treated nonsurgically (Table ITI). 


TABLE III. RESULTS OF TREATMENT FOR MULTIPLE EMBOLI 


SATISFACTORY UNSATISFACTORY DEATH 
EMBOLEC- NON- EMBOLEC- NON- EMBOLEC-| NON- 
SITE TOMY SURGICAL TOMY SURGICAL TOMY SURGICAL TOTAL 
Upper extremity 3 4 0 1 0 0 8 
Aorta 0 0 1 0 1 0 2 
Tliae 2 1 0 1 0 0 4 
Femoral 12 2 1 0 
Popliteal 2 3 0 2 0 0 7 
Total 19 10 2 4 2 1 38 


Mortality.—There were only 3 deaths (18 per cent) in the group with 
multiple peripheral emboli, whereas there were 16 deaths (33.3 per cent) 
among patients with single emboli. Congestive heart failure was the major 
cause of death and multiple visceral emboli, which were included only in the 


mortality study of this series, were second. 
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Prophylaxis—Preventive measures are a very important adjunct to th 
treatment of emboli, particularly multiple emboli. The data revealed that « 
subsequent episode occurred within a relatively short time in 33.3 per cent 
of those people who survived the first embolus. Seventeen of the 19 subse- 
quent emboli occurred within one year of the first. 

Anticoagulant therapy and auricular appendage ligation are the two 
most direct means of prophylaxis advocated.” ** Authors of most re. 
ports feel that protracted anticoagulant therapy is of definite benefit. Wood 
and Conn'* followed 7 patients for a total of 200 patient months and en- 
countered 3 repeat emboli in patients who were not under anticoagulant 
therapy at the time. None occurred while the patients were in good therapeu- 
tie range during the remaining follow-up period. Their experience and other 
available statistics indicate that prolonged anticoagulant therapy is of bene- 
fit to patients who have had arterial emboli secondary to cardiac disease. 
Jordan® found that only 50 per cent of the parent thrombi occurred in the 
auricular appendage in patients with mitral stenosis and auricular fibrilla- 
tion. Thus, prophylactic ligation of the auricular appendage would not bene- 
fit all patients. Neither protracted anticoagulant treatment nor ligation of 
the auricular appendage was employed routinely in our series, hence no con- 
clusion can be drawn as to their efficacy. We have noticed a decrease in the 
incidence of emboli since anticoagulants have been added to the arma- 
mentarium for myocardial infarction. 


SUMMARY 


1. Any arterial embolus may be the one of a series or one of simultane- 
ously occurring multiple emboli, because an embolus is a secondary lesion 
due to primary disease elsewhere. 

2. In this series, one-third of the people surviving the first embolus had 
another within a relatively short time. Of 19 total secondary or subsequent 
emboli, 17 occurred within one year of the first. 

3. There were no significant differences in age or etiology in patients 
with multiple emboli as compared with those having only one embolus. 

4. The treatment for multiple emboli is the same as for a single embolus. 
Embolectomy, when indicated, is the treatment of choice. Better results were 
obtained from treatment in patients with multiple emboli than in those with 
a single embolus. 

5. Prophylactic anticoagulant therapy seems to be of definite value in 
reducing the likelihood of recurring emboli. 


REFERENCES 


. Alergant, C. D.: Sudden Simultaneous Arterial Embolism Involving All Four Limbs, 
Brit. M. J. 2: 86-87, 1954. 

. Baronofsky, I., and Skinner, A.: Ligation of Left Auricular Appendage for Recur- 
rent Embolization, SURGERY 27: 848-852, 1950. : 

. Daley, R., Mattingly, T. W., Holt, C. L., Bland, E. F., and White, P. D.: Systemic 
Arterial Embolism in Rheumatic Heart Disease, Am. Heart J. 42: 566-581, 1951. 

. Deitch, H. I.: Three Arterial Embolectomies in the Same Patient Including One in 
Each Femoral Artery, Lancet 1: 475-477, 1936. 


to 


V tome MULTIPLE PERIPHERAL ARTERIAL EMBOLI 257 
Number 


. Des Prez, J. D., and Hubay, C. A.: Acute Arterial Embolism, A. M. A. Arch. Surg. 67: 
865-874, 1953. 

j. Eddy, J. P., III, and Congdon, P.: Bilateral Non-simultaneous Femoral Arterial 
Embolie Occlusion, Rhode Island M. J. 31: 669-671, 1948. 

. Fiddian, J. V.: Simultaneous Embolism in Both Arms, Brit. M. J. 1: 480, 1949. 

5. Haimovici, H.: Peripheral Arterial Embolism, Angiology 1: 20-45, 1950. 

. Jordan, R. A., Scheifley, C. H., and Edwards, J. E.: Mural Thrombosis and Arterial 
Embolism in Mitral Stenosis, Circulation 3: 363-367, 1951. 

. MacFarlane, J. A.: Multiple Emboli Treated Surgically, Brit. M. J. 1: 971-972, 1940. 

. McGarity, W. C., and Robertson, R. L.: Arterial Embolism With Notes on Operative 
and Anticoagulant Therapy, Surg., Gynec. & Obst. 96: 522-528, 1953. 

. Massell, T. B.: The Management of Embolism of the Arteries of the Extremities, 
Ann. West. Med. & Surg. 3: 299-304, 1949. 

. Nabatoff, R. A., Richman, B., and Rivkin, L. M.: Resection of Left Auricular Ap- 
pendage for Recurrent Arterial Embolization, New York J. Med. 532: 2103-2107, 
1953. 

. Proffitt, J. N., Yarborough, J. A., Auerbach, S. H., and MeCleery, R. 8.: Left Auricu- 
lar Appendage Thrombosis With Aortic and Multiple Arterial Emboli; a Case 
Report, Ann. Surg. 133: 109-115, 1951. 

. Schmitz, E. J., and Harkins, H. N.: Repeated Successful Femoral Embolectomy, 
A. M. A. Arch. Surg. 67: 616-619, 1953. 

. Scott, H., Jr., and Williams, J. M.: Multiple Arterial Emboli, Arch. Surg. 58: 28-34, 
1949. 

. Warren, R., Linton, R. R., and Scannell, J. G.: Arterial Embolism, Ann. Surg. 140: 
311-317, 1954. 

. Wood, J. C., and Conn, H. L.: Prevention of Systemic Arterial Embolism in Chronic 
Rheumatic Heart Disease by Means of Protracted Anticoagulant Therapy, Circu- 
latien 10: 517-523, 1954. 


f x 
( 
4 
1 
] 
1é 
13 
1 
17 
19 


THE UTILIZATION OF HYPOTHERMIA IN EARLY BURN THERAPY 


J. D. Martin, Jr., M.D., H. Hartan Stone, M.D., AND FREDERICK W. Cooper, 
Jr., M.D., Emory University, Ga. 


(From the Department of Surgery, Emory University School of Medicine) 


ECENTLY, great interest has developed in the use of hypothermia and its 

practical application during surgical procedures.”? This has been especially 
true in surgery of the heart, great vessels, brain, and liver. Great hopes were 
once held for it in the treatment of neoplasms,’” ** *° but these have not materi- 
alized. The use of hypothermia as an adjunct to burn therapy seemed worthy of 
investigation, as has been previously suggested." 

Hypothermia has been shown to lower the metabolic rate? * ?> *° and should 
be most useful in severe burns. The physiologic functions of the body are 
initially accelerated following this form of trauma. Thus the utilization of 
hypothermia should reduce the great strains placed upon such a traumatized 
individual. 

Replacement of blood that has already been lost and maintenance of an 
adequate blood volume thereafter present a difficult problem in burn 
therapy.* 1°18 However, hypothermia likewise causes a reduction in blood 
volume.®: 1° Perhaps then cooling would allow the body to tolerate such changes 
more safely. 

The fluid and electrolyte balance® '® presents a problem in replacing that 
lost to the burned areas and also in providing an adequate urinary output to 
eliminate the increased wastes. However, hypothermia is reported to have 
little effect on serum electrolytes® * *? and is thought not to inhibit glomerular 
filtration. Thus another advantage may be offered to the burned patient. 

Lastly, it may be desired that the stress upon the body and particularly 
the adrenals** might be reduced by decreasing the body activities through 
hypothermia. 

EXPERIMENTAL PROCEDURE 


For this study, 25 healthy adult dogs were used. They were divided into 
3 groups. In Group 1, 9 were subjected to uncomplicated hypothermia. In 
Group 2, 4 were burned but received only intravenous fluid therapy. In Group 
3, 12 were burned and then immediately put into hypothermia for varying 
periods of time. 

All animals were carefully followed for a period of 24 to 36 hours. At 
frequent intervals, note was taken of the vital signs, hematocrit, blood volume, 
serum electrolytes, and the urinary output of water, electrolytes, and 17-keto- 
steroids. The 3 groups were compared through this data in order to evaluate 
the use of hypothermia in these cireumstanees. 

The apparatus and procedures were adapted from those reported by Evans 
and associates.* Production of the burn was done with a copper drum containing 


Received for publication May 20, 1957. 


258 


Yates $4 HYPOTHERMIA IN EARLY BURN THERAPY 959 
water circulated at 60° C. The end of this drum, approximately 20 sq. em., 
was applied to the animal’s shaved body for exactly one minute. This almost 
uniformly produced a second degree burn. 

The weight and length of the dog were noted, and these measurements 
were placed in the formula of Cowgill and Drabkin.? This gave the total body 
surface area, and 20 per cent of this was taken to give the desired area to be 
burned. However, instead of a 20 per cent body burn as predicted, a 30 per 
eent body burn of the expected second degree was obtained. This diserepancy 
was due to an overlapping of 10 sq. em. around the surface burned by the 20 
sq. em. end of the drum. 

After the animal had been anesthetized with Nembutal and shaved, a 
polyethylene tube was inserted into the femoral vein and introduced into the 
inferior vena cava. Initial blood volume, hematocrit, and serum electrolyte 
studies were then done and the cannula was kept open by a slow drip of normal 
saline, containing small amounts of heparin. The animal was then burned the 
correct number of times, caleulated as previously mentioned. 

Cooling was begun after the animal had been anesthesized, its femoral 
vein cannulated, and baseline studies drawn. When an animal was to be burned, 
hypothermia was deferred until the procedure had been completed. The animal 
was then placed into an isolated wooden box which had a three-fourth ton 
commercial air conditioner inserted at one end. This box had been precooled 
to 4° C. with the cooling unit, and such a temperature could be maintained. 
From the average 37° C. body temperature at the onset, the dog was easily 
cooled to 31.5° C. within half an hour and then was allowed to drift down to 
around 30° C. Should the body temperature drift too low, the cooling unit was 
turned around and the animal was warmed up to 29.5° C. 

This proved to be an easy, effective, and rapid method of producing and 
controlling hypothermia. Because the animals were breathing the cooled air in 
the box, body temperatures fell much faster than with an ice bath. However, 
the omission of an endotracheal tube for an automatic control of respiration 
proved a hindrance. Should the body temperature fall below 29° C., the 
respiratory center was inhibited. Thus, the animal had to have artificial respira- 
tion until the temperature was raised sufficiently to allow for spontaneous 
breathing. The anesthetic, Nembutal, only aggravated the situation, and several 
animals died prematurely because of these two factors. However, hypothermia 
was sufficient to maintain anesthesia up to 30 hours with the addition of only 
an occasional small amount of Nembutal. 

For a return to normothermia, the exhaust air from the air conditioner 
was allowed to enter the box, and the temperature of the animal could be quickly 
brought up to 37° C. Some dogs were earried 24 hours in hypothermia following 
the burn, while others were kept cool for only 8 to 16 hours. 


The only therapy given other than hypothermia was a slow drip of 5 per 
cent glucose in normal saline intravenously for the first 16 to 20 hours, followed 
by 5 per cent glucose in distilled water. At the termination of hypothermia, 
many animals received 200 to 300 c.c. of whole blood. No antibioties were given. 
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The data obtained was based on vital signs, blood specimens, and urin: 
evaluations. A telethermometer, using a thermocouple inserted into the reetun, 
proved to be a most efficient method of determining body temperatures. Thes: 
readings plus heart and respiratory rates were taken every hour. 

Blood volume was determined by the use of red cells tagged with radio- 
active chromate.?? A known activity of red cell suspension was injected intra- 
venously, and samples were drawn at 20 and 40 minutes, respectively. These, 
together with a blank and standard, gave results estimated at plus or minus 5 
per cent. From the value of the blood volume and the hematocrit of the sample. 
caleulations of red cell mass and plasma volume could be made. These deter- 
minations were made after anesthesia, prior to burn or hypothermia, after burn, 
but prior to hypothermia, and every 2 to 3 hours thereafter for the next 8 
hours. Then, determinations were made only every 6 to 8 hours. Serum 
sodiums and potassiums were taken at approximately the same time. The total 
urinary output was collected through a catheter every 8 hours. Determinations 
were made from each for volume, sodium, potassium, and 17-ketosteroids. 


RESULTS 


Vital Signs—Hypothermia consistently lowered the pulse and respiratory 
rate. Although the burned animals demonstrated transient marked hypothermia, 
tachyeardia, and tachypnea, the process of cooling lowered these in all cases 
to a level as if they were normal animals in hypothermia. This could be main- 
tained until the dogs were warmed, at which time minimal tachyeardia and 
tachypnea were noted, as was the case in the burned control group toward the 
end of 24 hours. , 


Blood Volume.—In both hypothermie and burned controls, the blood volume 
fell from 20 to 30 per cent in the first 8 hours, with an additional 5 to 10 per 
cent fall in the next 8 hours. The same was true for the burned animals treated 
with hypothermia. Initially, especially in the nonburned dogs, there was often 
a small rise in the blood volume during the first hour. On return to normother- 
mia, the controls assumed a blood volume within 10 per cent of the precooling 
one; however, the burned animals showed no such increase. On the contrary, 
if the hypothermia was terminated after 8 hours, the blood volume would fall 
even more than the expected additional 5 to 10 per cent, and the clinical status 
of the animal would deteriorate. However, transfusion of 200 to 300 ce. of 
blood would prevent this fall and even allow for a considerable rise in blood 
volume, though never to normal. 


Red Cell Mass.—The red cell mass remained stable in most cases in hypo- 
thermia alone. In the burned animals, 5 to 20 per cent reduction occurred, 
which could be partially corrected by transfusion. In those undergoing hypo- 
thermia, no significant effeet was noted after warming. 

Plasma Volume.—There was a fall in plasma volume of 30 to 40 per cent 
in all groups during the first 8 hours. This decrease persisted in the burned 
animals, and there was an additional 10 to 20 per cent fall in the next 16 hours. 
A return to normothermia increased the plasma volume to within 10 per cent 
of the original only in the nonburned animals. The burned animals maintained 
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the reduction. An early return to normothermia in the burned group con- 
sistently deereased the plasma volume more than 20 per cent at the end of 16 
hours. Here again transfusions would increase the plasma compartment but 
never more than to within 20 per cent of normal unless excessive amounts of 
blood were used. 

Urine Output.—In simple hypothermia, fluid was retained regardless of 
whether distilled water or normal saline was given. In the burned animals 
there was a consistently scanty urinary output. However, toward the end 
of the first 16 or 20 hours, there was a gradual increase in urine volume in 
half of the burned controls. Those burned animals that were treated with 
hypothermia also had a definitely positive water balance. The urine output 
was decreased at first and greatly improved later. However, as soon as they 
were returned to normothermia, the urine volume diminished, but it never 
diminished to low levels. The earlier that the animal was warmed, the greater 
was this fall in urinary output. 
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Fig. 1—Temperature variations of the animals that were burned and those that were 
not, showing the effect of hypothermia. 


Fig. 2.—Variations in respiration under the various procedures of the experiment. 
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Fig. 3.—Pulse variations under hypothermia and also those that occurred with a 25 per cent 
body surface second degree burn both with and without hypothermia. 


Serum Sodium and Sodium Balance.—In the control group of hypothermia, 
serum sodium levels remained stable for the first 8 hours. However, sub- 
sequently a gradual fall occurred which could not be prevented by intravenous 
administration of saline. Warming brought a rapid return to normal levels. 
Although initially the sodium exeretion was low, this output increased gradually 
with time as the serum sodium fell until finally the sodium balance became 
strongly negative. 
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The burned group of controls consistently maintained a normal ser. 
sodium, demonstrating adequate saline therapy. The sodium balance ws. 
strongly positive and the excretion of this electrolyte scanty. However, at th 
end of 24 hours, urinary exeretion of sodium increased. 


(TREATED WITH HYPOTHERMIA) 


(779 HYPOTHERMIA 25% SURN - 24 HOURS 
| 
$1500 | 
S 
= 
q 
| 
= 
1000- OUTPUT 
0-8 8-16 16-24 


HOURS 


Fig. 4.—Water balance during the various phases of hypothermia, 25 per cent body surface 
second degree burn both with and without hypothermia. 
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Fig. 5.—Plasma volume changes under the various circumstances of the experimentations. 
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Fig. 6.—Potassium balance and serum potassium changes under the various circumstances of 
the experimentations. 
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Serum Potassium and Potassium Balance.—After a long period of hypo- 
thermia, the serum potassium was consistently decreased. The urinary excretion 
of the electrolyte was good, and since no potassium was administered the balance 
was negative. However, the greater the amount of saline given, the less the 
urinary excretion of potassium became. 


Burning the animal raised the serum potassium to high levels, and a few 
deaths were possibly related to this. At all times, potassium excretion was 
elevated, even in the extremely oliguric. 

The burned animals treated with hypothermia demonstrated an initial rise 
in serum potassium to high levels, but this gradually fell to normal levels as the 
cool state persisted. The urinary excretion of potassium also diminished although 
it was always well above that of the controls in hypothermia. Termination of 
hypothermia brought about a small increase in serum potassium but never to 
the initial extremes of hyperkalemia. The earlier the animal was warmed, the 
greater was this elevation. Along with the change, urinary excretion increased 
more markedly in those animals that had been in hypothermia the shortest 
period of time. 

17-Ketosteroids——In all groups, there was a sharp increase in ketosteroid 
excretion. Both the burned and the hypothermic controls showed this consist- 
ently. It was only in those burned dogs treated with hypothermia that an 
oceasional fall could be noted, but the excretion increased immediately there- 
after to values far beyond prior levels. This was the ease whether hypothermia 
was continued or terminated. 

Mortalities—The immediate cause of death in those animals that suecumbed 
during the experiment was usually respiratory in nature. This was thought to be 
secondary to.a combination of extreme hypothermia and/or the anesthetic used. 
The next most prevalent cause of death was eardiae arrest. This occurred as a 
result of hyperkalemia, carbon dioxide retention in the apneic, or a combination 
of both. A persistence of hypovolemia accounted for the remainder. 


Post-mortem examinations were not remarkable, except for occasional focal 
hemorrhages in kidney, pancreas, and adrenal. A few eases demonstrated 
small bowel ulcerations. These changes were consistently found in those animals 
which had had the greatest drop in blood volume, and most of these were 
noted in burned animals. 


COMMENTS 


From these studies, it is suggested that hypothermia in the extensively 
burned dog may aid in bringing about those changes that are associated with a 
decreased metabolic rate. The pulse and respiratory rate were decreased to 
levels that are typical of the normal hypothermic animal. 

Recent studies indicate that blood and plasma loss may be detrimental in 
hypothermia.24 However, in most of these experiments, the animal was already 
in hypothermia, and the percentages of blood removal for comparison to the 
normothermie animals were caleulated on the prior normal blood volume, not 
at the same percentage of the hypothermic contracted volume. Blood or fluid 
replacement in adequate amount was given to none at the time of hypothermic 
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induction or immediately thereafter. In this present study, when blood «» 
fluid administration was earried out during hypothermia, or at least whii. 
warming the animal, the dog did well clinically for the period of time followed. 
However, hypothermia could not be continued very long without fluid replace- 
ment, as the hypovolemie trend would persist otherwise. 

It was also noted that the rate of fluid loss into the burned areas was 
greatly reduced by hypothermia. After only 4 to 6 hours, the burned controls 
had accumulated a large amount of fluid in the sites of trauma, while the 
burned animals treated with hypothermia never developed such great fluid 
collections until warmed up. Thus, the reduced peripheral blood flow of hypo- 
thermia is an important factor in maintaining the plasma volume by diminishing 
its loss into the tissues. 

In the burned animal, it is important that fluid be provided for an 
adequate urinary output, but it is even more important that this be begun at 
the time of hypothermia induction. Cooling does not impair renal funetion 
in the normal animal and greatly improves urinary flow in the burned. 

Hypothermia, especially if prolonged, tends to cause some loss of sodium 
in the urine. This partially explains the late fall in serum sodium noted. The 
disposition of the main portion of this electrolyte is unknown. However, there 
is a tremendous migration of sodium from the plasma. Not only does the 
serum level fall, but also the plasma volume is considerably contracted. Perhaps 
this sodium migration from the vascular compartment is responsible to a 
large degree for the hypovolemia noted in normal animals in hypothermia. 
However, if adequate sodium replacement is provided, the trend toward hypona- 
tremia is minor, although the decrease in plasma volume is not affected. 

Hypothermia is a stressful situation, for the hypothermic control group 
had consistently elevated 17-ketosteroid excretions. There was essentially no 
difference between the various groups as to the amount of urinary steroids. 
Although several burned animals treated with hypothermia had a transient 
fall in 17-ketosteroids, the trend of increased excretion persisted whether 
cooling was maintained or the animal warmed to normal temperatures. 

There was a paradox noted in the relationship of urinary sodium and 17- 
ketosteroid excretions. In hypothermia, despite an increase in urinary steroids, 
the urinary loss of sodium did not diminish. In fact, it was somewhat increased, 
while the serum sodium fell. This is the direct opposite of what has been noted 
in normothermia. Thus hypothermia does not seriously inhibit the adrenal 
cortex, although it does alter the response of the hormones. 


SUMMARY 


1. Hypothermia in the burned dog may be an adjunct to therapy. The 
metabolic rate is definitely lowered, and water, electrolytes, and plasma aceumula- 
tion are diminished in the burned areas. 

2. Adequate amounts of water, sodium, and blood or plasma must be pro- 
vided, and their administration must be continued, especially during the warming 
period. 
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3. Renal funetion is definitely augmented, and hyperkalemia is either les- 


sened or prevented by the maintenance of urine flow and the deceleration of 
potassium absorption. 


4. Although hypothermia is a stressful condition, the gains achieved may 


be of value in the severely burned animal. 


5. The severely burned dogs do well for at least 48 hours when brief hypo- 


thermia is added to the initial regimen of therapy. 
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MICROBUBBLE FORMATION IN ARTIFICIAL OXYGENATION 


Prescotr JorpAN, JR., M.D., Granpon E. Toustepr, M.D., AND FRANCESCO |’. 
Beretta, M.D., SEATTLE, WASH. 


(From the Departments of Surgery, Veterans Administration Hospital, and University 0/ 
Washington School of Medicine) 


N THE preliminary experimental studies with cardiopulmonary by-pass using 
a bubble-type oxygenator, we observed at times the production of severe 
injury to the nervous system. This neurologic damage was represented some- 
times by a temporary loss of reflexes and flaccidity of the muscles, with sub- 
sequent recovery after a period of 24 to 48 hours. On other occasions a typical 
decerebrate rigidity with hyperextension of the neck and extremities of the 
animal would follow 4 to 12 hours postperfusion. 

At first the investigation of the mechanism of production of this compli- 
cation followed the obvious leads. Oxygen saturation was always above 95 
per cent. The pH of the blood was found to be easily maintained in a normal 
range of 7.4 to 7.5. The rate of perfusion was two to three times the azygos 
factor and led to the maintenance of the animals’ pressure at normal levels.‘ 
Blood inecompatibilities were not found and electrolyte disturbances were not 
present. Embolization of fibrin or small blood coagula was controlled by filters. 
This seemingly blind alley was illuminated by finding bubbles of gas (Fig. 1) 
which were not detectable to the naked eye. These microbubbles could easily 
be identified in the arterial perfusion line by the use of a dissecting micro- 
scope. 

The etiology and prevention of these bubbles is the subject of this paper. 


MATERIAL AND METHODS 


In these experiments a bubble oxygenator and helix of the DeWall-Lillehei* 
type were used. The venous and arterial lines were connected and the blood 
in the system was circulated continuously by two Sigmamotor pumps. All the 
connections of the oxygenator, pumps, and tubings were made airtight. The 
oxygenator was primed with 2,000 ¢.c. of blood and an ample blood level was 
maintained in the helix, which was heated by a flood lamp to 98° F. The 
arterial side of the tubing was inspected at intervals with a dissecting micro- 
scope and tangential light for the presence or absence of bubbles. 

Using the experimental system as outlined above, variations of equipment 
and techniques were introduced. The results were checked for accuracy by 
repeating the experiment with each variable several times. Blood was re- 
circulated through the apparatus with the exclusion of all gases from the 
oxygenating chamber. The duration of recirculation was varied from 1 to 45 
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minutes. The oxygen flow was tried at 1 to 11 L. per minute and the mono- 
metric pressure within the oxygenating tube taken. Rates of blood flow in the 
system were changed from 300 to 3,000 ¢.c. per minute. The length of the 
helix was made to range from 9 to 20 feet. Blood containing microscopic bub- 
bles was recireulated through the pump-oxygenator with exclusion of all gases. 
Blood with microbubbles was recirculated and a mixture of 95 per cent oxygen 
and 5 per cent carbon dioxide was introduced through the oxygen manifold. 
A secondary debubbling chamber (Fig. 2) was inserted between the helix and 
the arterial outflow line. 


Fig. 1.—Microbubbles. 


x Venr vave 


Fig. 2.—Secondary debubbling chamber. 


RESULTS 


The following findings were consistently reproducible within the limits of 
the experimental methods. Recirculation through the apparatus with exclusion 
of all gases for a period of time up to 15 minutes did not produce bubbles. 

There was no evidence of microbubbles on the arterial side of the tubings 
when the time of recirculation was maintained below 3 minutes with blood 
flow of 500 ¢.c. per minute and oxygen flow of 3 L. per minute. Microscopic 
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bubbles became evident when the time of recirculation was increased. Thy 
number of bubbles were found to increase with inereases in (1) duration o, 
recirculation, (2) oxygen flow, and (3) blood flow. 

The combination of any of the above factors resulted in compounding thi: 
number of bubbles. The range of pressures within the oxygenating colum): 
at all oxygen flows was above atmospherie. 

With increase in length of the helix, the bubble-free period was only 
slightly prolonged. The number of bubbles per microscopic field was inverse|, 
proportional to the length of the helix but, again, proportional to duration of 
circulation and oxygen and blood fiow per unit of time. 

When blood containing microsecopie bubbles was recirculated with exclusion 
of gases in the oxygenating chamber, the debubbling chamber and helix were 
unable to eliminate all of the microbubbles. 

When blood with bubbles was recirculated and a mixture of 95 per cent 
oxygen and 5 per cent carbon dioxide was introduced through the oxygen 
manifold the bubbles disappeared, only to reappear after recirculation was 
continued for additional time. 

When a secondary debubbling chamber was inserted into the system, the 
time of appearance of bubbles was delayed. However, when bubbles were 
present in great number by previous recirculation, the secondary chamber was 
only partially effective; it would reduce the number but never completely 
clear the system. 

DISCUSSION 


It is apparent that in this type of apparatus microbubbles are produced 
only when blood and gases are intentionally mixed and are not formed by the 
mechanical activity of the pump-oxygenator. 

The oxygen introduced into the blood in the oxygenating column in present 
in two forms, as hemoglobin and in physical solution in the plasma. These 
two forms will vary depending upon (1) the saturation of hemoglobin, (2) 
partial pressure of the gas, and (3) temperature of the blood. Assuming that 
temperature, pH, and partial pressure of oxygen are maintained constant, as 
it is in this apparatus, all oxygen exists as free bubbles of gas when the re- 
duced hemoglobin is completely transformed to oxyhemoglobin and the limit 
of physical solution is reached. In recireulation of blood through the oxygena- 
tor this limit of saturation is reached in a variable period of time, representing 
the bubble-free period. Since the pressure in the oxygenating column is greater 
than atmospheric when the blood passes to atmospheric pressure in the de- 
bubbling chamber and helix, the solubility decreases and gas is liberated as 
minute bubbles. The solubility of gases is further decreased by increase of 
temperature, as it occurs in the helix, and more gas is freed as bubbles. 

Since the velocity of the ascent of a bubble is directly proportional to its 
diameter, this microscopic bubble rises very slowly and cannot be completely 
eliminated in the time spent in the helix. 


Veluue@ MICROBUBBLE FORMATION IN ARTIFICIAL OXYGENATION 969 

The secondary debubbling chamber is partially effective in prolonging the 
bubble-free period in the arterial line due to prolongation of period of debub- 
bling and because of its lower than atmospheric pressure with increase of 
diameter and increased velocity of ascent of the bubbles. 


The danger of death resulting from air emboli during extracorporeal 
oxygenation has been appreciated by all the investigators in this field. Den- 
nis’ > has made a study of this subject and has demonstrated that injection of 
less than 1.5 ¢.c. of air or oxygen into the carotid artery of the dog is not 
infrequently lethal and will occasionally leave no signs which have been recog- 
nized at autopsy. He has also found that injection of such an amount of 
air may be followed by recovery of consciousness, later by a coma, and death 
6 to 8 hours later. Geoghegan and Lam® have injected air in the carotid artery 
of 12 dogs in minute amounts. They have observed that in none of the 12 
animals injected death followed immediately and that while eardiae action was 
not impaired, evidence of marked neurologic damage was seen when doses of 
more than 0.25 ¢.c. of air was given. 


Following the principles of the above theory, it is evident that to prevent 
the formation of microbubbles it is essential to prime the oxygenator through 
the arterial side of the apparatus, never allowing the blood to recireulate in 
order to avoid over-saturation of the blood. Since these precautions have been 
taken, 30 subsequent animal perfusions have shown no microbubbles and these 
animals have had no detectable neurologic damage. 


CONCLUSIONS 


1. Microbubble formation is a serious complication of artificial blood 
oxygenation. 
2. The etiology of these microbubbles is the supersaturation of the blood. 


3. Microbubble prevention can be effected by loading the oxygenator only 
on its arterial side without recirculation of the blood. 


4. Microbubbles may lead to irreversible neurologic damage. 
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EVALUATION OF OPERATIONS FOR MEGAESOPHAGUS 
(CARDIOSPASM) 


Har.an D. Root, M.D., MINNEAPOLIS, MINN. 
(From the Department of Surgery, University of Minnesota Hospitals) 


DESCRIPTION 


ARROWING of the distal 3 to 6 em. of terminal esophagus with concomitant 
dilatation of the atonic esophagus proximal to this level due to absence of 
Auerbach’s plexus has been ealled achalasia, eardiospasm, esophageal dystonia, 
or megaesophagus. Absence of Auerbach’s plexus in the esophagus was described 
by Rake in 1927.8 

The long-term result of this neurogenic disorder becomes truly a mega- 
esophagus with massive dilatation, tortuosity, and displacement of adjacent or- 
gans, usually the right lung. Such an esophagus may contain up to 3 L of 
undigested spoiling food which regurgitates readily into the mouth on assuming 
an horizontal or Trendelenburg position. Odor from this mass of spoiling food 
with its unpredictable reappearance creates social outcasts of some of these un- 
fortunate patients. Severe dysphagia, regurgitation, pain of varying intensities 
and types in the substernal and/or cervical areas, weight loss, recurrent aspira- 
tion pneumonitis with secondary osteoarthropathies constitute the usual symp- 
tomatology of this syndrome. Partial relief of symptoms for variable brief 
periods are occasionally noted with marked exacerbations during episodes of 
stress. 

Balloon pressure studies by Butin* and Schlesinger®® show the uncoordinated 
random purposeless contractions of the dilated esophagus in contrast to the 
purposeful propulsive contractions of the normally innervated esophagus. That 
regurgitation of acid-peptic juice does not play a role in the genesis of eardio- 
spasm is now generally accepted. 


DIAGNOSIS 


A eareful history will reveal many of the above symptoms. Evaluation 
by timed esophagrams will demonstrate prolonged emptying of the esophagus 
with dilatation above the narrowed segment. In the patients with symptoms 
of short duration the esophagus may be half empty in 2 hours with dilatation 
to only about 2 to 3 times normal size. Occasionally amyl nitrite may speed 
emptying in this early stage of the disease. Fluoroscopic demonstration of the 
abnormal contractility is especially important for differenetial diagnosis. Nor- 
mal contractions are seen in the upper third but are poor or absent in the lower 
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two-thirds of the esophagus in cardiospasm. Kramer and Ingelfinger' de- 
scribed tetanic contraction of the lower two-thirds of the esophagus in this 
type of patient after 3 to 6 mg. of Mecholyl, but we have not found it neces- 
sary to utilize the technique for diagnosis. 

These abnormalities will be found more pronounced in the later stages of 
the disease to the extremes of complete barium retention up to 8 hours. Mas- 
sive esophageal dilatation with boot-shaped configuration, producing mediastinal 
widening may be visible on routine 6-foot chest films. 

In differentiating the far-advanced case of cardiospasm with massive eso- 
phageal dilatation from benign stricture, carcinomatous obstruction, and reflux 
esophagitis, one need only remember that such dilatations are not seen in these 
latter diseases. The earlier stages of cardiospasm are less easily differentiated, 
but the random, irregular, uncoordinated contractions of the distal two-thirds of 
the esophagus seen fluoroscopically are found only in eardiospasm. Mucosal 
defects of carcinoma are not seen. There should be no evidence preoperatively 
of esophagitis either endoscopically or by history for the accurate diagnosis of 
cardiospasm. The importance of an accurate preoperative diagnosis by the 
means discussed above needs to be stressed, lest an esophageal stricturing proc- 
ess be mistaken for cardiospasm. If in such eases the esophagogastrie sphincter 
is further compromised by a plastic revision, for example, the Wendel proce- 
dure, which permits reflux of acid-peptie juice into the esophagus, disastrous 
complications such as severe or fatal esophageal hemorrhage or perforation will 
assuredly ensue. And, conversely, a gastric resection such as would be done 
for esophageal stricturing will be of no benefit in the treatment of cardiospasm. 


INDICATION FOR SURGERY 


Treatment of this problem is focused on the narrowed obstructing distal 
esophageal segment with the knowledge that the basie defect is a neurogenic 
disorder. By the time the diagnosis of eardiospasm is made, many of the patients 
will already have been empirically subjected to repeated fruitless dilations by 
bougies or by hydrostatic dilators. The so-called bloodless hydrostatic dilation 
is a blind hazardous procedure which runs the risk of esophageal perforation. 
Whereas previously the poor results of surgical treatment of cardiospasm created 
great misgivings over advising surgery, now that satisfactory results are obtain- 
able consistently, it is not unrealistic to believe that the diagnosis itself will 


- become an indication for surgery in most patients presenting evidence of mega- 


esophagus. 


In recent years, in this clinic, hydrostatic dilatation has been abandoned 
by the Division of Otolaryngology which sponsored and supervised the non- 
operative treatment of cardiospasm with esophageal bougie. Dr. L. R. Boies, 
Chairman of that Division, believes that the use of a No. 60 F. bougie equals 
the accomplishment of hydrostatie dilatation. Most, if not all, of the patients 
reported herein were treated by dilation many times prior to a recommendation 
for surgery. Moreover, we feel that the hugely dilated sigmoid boot-shaped 
esophagus is the long-term result of esophageal obstruction with progressive 
deformity of the atonie proximal esophagus and not a separate disease entity 
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as has been suggested.?* In general, the more advanced disease is found in t], 
patient with the longest history of symptoms, although, to be sure, the diseas. 
progresses with an unpredictable rapidity. 


CHOICE OF SURGICAL PROCEDURES 


The optimum procedure has evolved slowly from manual dilation of th: 
narrowed esophageal segment through a gastrostomy incision by Mikuliez in 
1904. Sympathectomy and vagotomy have proved unsuccessful. Reconstruc- 
tive plastic procedures in general have the common complication of esoph.- 
agitis secondary to reflux of acid-peptie gastric juice into the terminal esoph- 
agus.' 7 16, 22 

Longitudinal incision with transverse closure of the narrowed esophago- 
gastric junction, the Wendel procedure,?* was recommended as late as 1956.*° 
Postoperative esophagitis following this procedure has been nearly a universal 
experience. 

The Finney type of plastic reconstruction was utilized by Gréndahl.* Hey- 
rovsky anastomosed the gastric fundus to the dilated esophagus, thus bypassing 
the narrowed segment.'? Resection of the obstructing esophageal segment has 
been tried with the same appearance of reflux esophagitis. Recognizing the 
dangers of contact of acid-peptie juice with the esophageal mucosa, Wangen- 
steen** resected the entire acid-secreting area of the stomach plus the lower 
4 to 10 em. of esophagus, including the narrowed segment. Reconstruction was 
by esophagoantrostomy with a Ramstedt pylorotomy to facilitate gastric empty- 
ing. Follow-up of these patients will be presented. 

In 19138 Heller™' proposed an esophagogastrie extramucosal myotomy an- 
teriorly and posteriorly over the narrowed segment. Since then and especially 
recently, many have utilized this technique with the omission of the posterior 
myotomy. In general, the results have been encouraging, at least in comparison 
to those obtained by reconstructive procedures mentioned above. Hawthorne® 
reported 80 per cent excellent results on 20 patients but 20 per cent developed 
pyrosis postoperatively. More recently he'’® has shown 79 per cent good results 
among 34 patients, but with severe esophagitis, pyrosis, and bleeding in some 
others. Bugden® reported 80 per cent excellent results in 10 patients. Reeur- 
rent dysphagia and slow esophageal emptying oceur in 20 to 25 per cent of 
these patients. 

In view of the inadequacies of the Heller myotomy, Wangensteen proposed 
a modification of the Heller myotomy in 1952?° and has described it more 
fully recently.2° The technique of that operation briefly is as follows. Through 
a sternum-splitting abdominal incision the esophagogastrie junction and lower 
one-fourth of the esophagus are exposed. An extramucosal esophagogastrie myot- 
omy is made on the narrowed segment of esophagus over a distance of approxi- 
mately 12 em. Through a gastrotomy incision, a Foley catheter is then intro- 
duced into the area of the myotomy, and by controlled air inflation of the Foley 
bag the myotomy is greatly magnified by freeing a much larger area of mucosa 
from overlying fibrous and muscle tissue. A Heinecke-Mikuliez pyloroplasty is 
done routinely to facilitate gastric drainage. Patients treated by this method 
as well as by the conventional Heller myotomy are to be discussed below. 
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Num ber 
RESULTS 


Twenty-three patients with megaesophagus have been operated upon: 7 by 
esophagogastric resection as described above, 3 by the conventional Heller myot- 
omy, and 13 by the Wangensteen modification of the Heller myotomy. These 
patients were evaluated by several methods. All were interviewed for careful 
clinical evaluation. Timed esophageal emptying films were compared with the 
preoperative emptying patterns. After 0.5 mg. histamine-base was given sub- 
eutaneously, esophageal aspiration was carried out by means of a 4-hole duo- 
denal tube with the patient in a supine position for one-half hour. Free acid 
in the stomach and none in the esophagus indicates esophagogastrie sphincter 
competency. Red cell indices have been determined in the presence of anemia. 


Group A.—Seven patients with eardiospasm were treated by resection of 
the lower 4 to 10 em. of esophagus and all of the stomach save the antrum with 
esophagoantrostomy reconstruction, during the years 1949 through 1951. They 
have been followed from then to the present. Of these 7, 5 had this as their 
primary procedure, while the other 2 had had previous operations; one, a 75 
per cent gastrectomy and the other, a Rumpel type of local excision of the 
narrowed esophagus with 30 per cent of stomach, neither of which relieved the 
patients’ symptoms more than temporarily. 

Two main postoperative problems face these patients: one, recurrent dys- 
phagia, pyrosis, and esophagitis; two, megaloblastic anemia as was described by 
Kelly, MacLean, and Wangensteen,'* and then by MacLean and Sundberg’ in 
patients with total excision of acid-seereting areas. Radioactive B,. excretion 
and bone marrow studies were utilized. 

Of these 7 patients, one followed for 7 years has proved macrocytie anemia 
and is being treated with vitamin B,.. Sinee the initiation of B,. therapy, her 
symptoms of mild dysphagia and pyrosis have disappeared. Her weight now 
remains constant. She feels strong and is earrying on her household duties. 
She shows prompt esophageal emptying by x-ray. One other patient may 
possibly have macrocytie anemia but no definite diagnosis can be made so far. 
Her weight remains low and her esophagus empties slowly. The remaining 5 
patients do not have macrocytic anemia. They do have some dysphagia and 
substernal distress from pyrosis. Their esophageal emptying times are still 
prolonged but improved over their preoperative patterns. Two patients ex- 
hibit hypochromie anemia as evidence of gastrointestinal bleeding. Therefore 
we feel that in those symptomatic patients without macrocytiec anemia there 
probably remains enough acid-secreting gastric mucosa to produce these symp- 
toms from acid-peptie regurgitation into the esophagus. This residual acid- 
secreting tissue would also account for the absence of macrocytie anemia. A\l- 
though bile regurgitation into the esophagus is certainly possible in these patients 
and could cause symptoms of pyrosis, it would not cause actual narrowing and 
obstruction of the esophagus.** The deleterious effect of regurgitation of the 
alkaline bile and pancreatic juices into the esophagus was shown by Cross and 
Wangensteen in 1951.° 

Although the penalty of a macrocytie anemia is not too severe to impose 
upon a patient requiring extensive gastrectomy for cancer, there would appear 
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to be no need to impose such a procedure upon patients with cardiospasm iy 
that a much better corrective operation is available for the problem. 


Group B.—Three patients have had the conventional Heller extramucos:| 
myotomy as their primary procedures. One patient, a 56-year-old white wom, 
operated upon in Mareh, 1955, has only mild dysphagia following meat and 
other large boluses of food or during stress. She has no pyrosis and maintains 
her weight well. We classify her as a good result. The other 2, operated upon 
in 1951, have required further procedures because of recurrent dysphagia, 
pyrosis, and progressive esophageal obstruction. Therefore, we have had only 
one good result in our limited experience with the Heller procedure. 


Group C.—Thirteen patients have been operated upon from 1952 to 1956 
by the Wangensteen modification of the Heller technique using the Foley catheter 
controlled inflation as deseribed,?* with one death secondary to a perforated 
duodenal diverticulum (see Table I). 

There were 10 women and 3 men, ages ranging from 18 to 73 years, with 
a mean of 49 years at the time of operation. Preoperative symptoms were pres- 
ent for a mean of 17.4 years with the usual story of intermittent attacks of 
dysphagia growing much more severe over the year or two prior to surgery 
despite frequent dilations. One 73-year-old Negro woman had had symptoms for 
55 years and had a huge boot-shaped massively deformed esophagus, holding 
approximately 3 quarts of liquid. Her ease will be discussed further later. 

Preoperative weight losses ranged from 2 to 40 pounds, with a mean of 
24 pounds. Follow-up time has been from 7 to 55 months with a mean of 31 
months. All patients had been treated with dilation several times preoperatively 
without lasting benefit. Eleven had the balloon-Heller procedure as the pri- 
mary operation. The other 2 had had previous procedures. One, a 51-year-old 
white woman, had had a perforation of the esophagus during endoscopy in 1952 
which had been closed surgically and 4 months later had a subtotal gastrectomy. 
The other patient, a 41-year-old man, had had a subtotal gastrectomy in 1948. 

Ten of the 11 patients having had this technique as their primary proce- 
dure are alive. Nine have had excellent results with complete relief of symp- 
toms, prompt esophageal emptying as shown by timed esophagrams (Figs. 3 
and 5), return to normal gainful activity, and maintenance of normal weight. 
Although the basic neurogenic defect remains, their esophagi have regressed in 
size with the complete decompression afforded by this technique. Esophagrams 
made in the Trendelenburg position show incomplete emptying because of poor 
peristalsis. 

The tenth patient, a 51-year-old white woman, has a fair result, that is, she 
has occasional mild dysphagia, no pyrosis, maintenance of normal weight, and 
a rare bout of regurgitation when under stress. Her procedure was atypical, 
however, in that the surgeon made a short myotomy and failed to add a pyloro- 
plasty; both points are stressed in Wangensteen’s paper.”® A recent Heineke- 
Mikuliez pyloroplasty has improved the situation considerably. 

The 2 patients who had had other procedures prior to the present one were 
more difficult problems at operation because of the scarring in the periesophageal 


i 
- 


Volume “ EVALUATION OF OPERATIONS FOR MEGAESOPHAGUS 975 
area secondary to the previous procedures. One of these, a 43-year-old white 
man, who 8 years previously had undergone subtotal gastrectomy presented an 
especially difficult problem at surgery because of the severe scarring in the 
esophagogastrie junction area. Dissection was difficult. The esophageal mucosa 
was penetrated at one point, though readily closed with a single 5-0 silk suture. 
Thus it was not possible to liberate as much esophageal mucosa from the over- 
lying tissue as is optimal for the relief of this problem. 


He has been followed only 7 months postoperatively so that final results can- 
not be predicted; however, at the present time esophagrams show that barium 
flows promptly into his stomach and his esophagus is half empty in about 10 
minutes. He has returned to full-time work in a steel plant and is gaining 
weight. He can eat all but large pieces of meat. He has no pyrosis and re- 
gurgitates food only when eating too rapidly. We feel that his reluctance to 
eat will disappear as he regains confidence in his ability to swallow. 

The second of these patients, a 5lyear-old woman, has an excellent result 
with no symptoms of any sort. She earries on full activities with a stable 
normal weight. 

Thus, in the group of patients with no previous surgery, this new technique 
gave 82 per cent excellent results and 9 per cent fair results. This is in contrast 
to one good result and two poor results obtained by the use of the conventional 
Heller myotomy technique. Moreover, it would seem that any resection or re- 
construction technique should be re-evaluated in light of these results. 


DISCUSSION 


The problems of regurgitation esophagitis and megaloblastic anemia in the 
Group A patients who had esophagogastrie resection would seem too severe to 
be recommended for benign disease, now that a better technique is available as 
shown by the excellent results in Group C. Plastie revisions of the esophago- 
gastric junction have been shown to result often in severe and disabling reflux 
esophagitis with secondary strictures and hemorrhage requiring reoperation. It 
is surprising that these operations continue to have advocates in view of these 
results. 

Our experience with the conventional Heller myotomy is limited to 3 pa- 
tients. These results were not satisfying. This circumstance together with dis- 
satisfaction expressed by others prompted the development here of the balloon- 
amplification of the Heller myotomy to overcome the delayed esophageal empty- 
ing noted after the conventional extramucosal myotomy. 

This report concerns essentially this last group of patients. The post- 
operative status of these patients has been evaluated in several ways. 


Symptoms.—Nine of the 10 surviving patients having had the balloon-ampli- 
fied Heller myotomy as their primary operation have no postoperative symp- 
toms of dysphagia, regurgitation, pain, or pyrosis. The tenth patient has only 
intermittent mild dysphagia when under stress or with large boluses of food. 
She has no pyrosis, pain, or regurgitation. All 10 patients have returned to 
full aetivity. 
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Esophageal Aspiration.—With the patient supine and the end of a 4-hv io 
duodenal tube positioned in the esophagus at a distance of 35 em. from jie 
tip of the nose, 0.5 mg. histamine-base is given subcutaneously. Esophag: | 
aspiration is continued for one-half hour thereafter and the aspirate is «x- 
amined for evidence of free hydrochloric acid. Then the tube is pushed inio 
the stomach and the routine is repeated. Of 8 patients so examined, in 10 
instance was free acid recovered by suction from the esophagus, giving evidenve 
that reflux of gastric juice is prevented at the esophagogastric juncture. 


Weight Gain.—All patients have gained weight postoperatively. One, a 
44-year-old auto mechanic, gained 40 pounds in the first year and has maintained 
his optimum weight since. A 42-year-old woman gained 112 pounds in 18 
months after operation to 242 pounds (Fig. 1). She is now being treated tor 
this obesity. Weight gain among the others has been less striking but all have 
gained significantly and are maintaining normal weights. 


Roentgenography.—Postoperative timed esophagrams show prompt esophag- 
eal emptying within 1 to 5 minutes in 9 of the 10 patients having had the 
balloon-amplification of the Heller myotomy. The rapid emptying and con- 
tinuing esophageal decompression have allowed their esophagi to shrink to 
near-normal size. The tenth patient shows a mild delay of 15 minutes in the 
emptying of her esophagus and is rated as a fair result. Esophagrams done on 
2 patients in the Trendelenburg position show persistence of mild abnormal 
motility in the distal esophagus. 

One of our patients, Mrs. L. W., a 73-year-old Negro woman, deserves 
further discussion beeause of the light her case throws on the virtue of early 
operation and the relation of symptom duration to the severity of esophageal 
deformity. She had had symptoms intermittently for 55 years with progressive 
debilitation, weight loss, extremely severe dysphagia, regurgitation of 3-day 
retained undigested food, and recurrent pneumonitis. Her esophagus had been 
dilated innumerable times with but transient relief. She was unable to carry on 
any gainful activity. Preoperative films showed a massively dilated, tortuous, 
boot-shaped esophagus, typical of far-advaneced megaesophagus. Barium failed 
to pass into the stomach in 3 hours. At operation, the narrowed distal esophageal 
segment was more fibrotic than muscular, making it very tedious and difficult 
to free a proper area of mucosa. Postoperatively, her esophagus emptied some- 
what slowly for about 6 months, and then esophageal emptying proceeded more 
rapidly. However, even during this period she continued to gain weight and 
strength, affording evidence of improved nutrition owing to better esophageal 
emptying. By 8 months after operation, timed esophagrams showed the esopha- 
gus to be two-thirds empty in 5 minutes and completely empty in 10 minutes. 
She has continued to gain weight and now is carrying on full household duties 
for the first time in years. Moreover, her esophagus is gradually shrinking, 
though still larger than normal. As in the others, no free acid was recovered 
by suction from her esophagus, though free acid could be aspirated from her 
stomach, affording evidence of competence at the esophagogastrie juncture. 
Recently (13 months after operation), this patient was found to be anemic 
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with evidence of blood in the stool. There has been no pyrosis, and she has 
continued to be asymptomatic. Esophageal and gastric aspiration failed to dis- 
close any blood. Barium enema revealed severe diverticulosis which is pre- 
sumed to be the source of the bleeding. 


Fig. 1.—Patient 22 months postoperation. Weight gain of 112 pounds since operation. We 
have been trying to persuade her to reduce. 


SUMMARY 


The balloon-amplified extramucosal myotomy satisfies the requirements of 
a Surgical procedure designed to overcome the pathologie deformity of the esoph- 
agus in cardiospasm. Despite the wide separation of muscle and mucosal layers 
by the balloon distention, the esophagus retains its competence at the esoph- 
agogastrie juncture and permits ready evacuation of the dilated atonic esophagus. 
Complete relief of symptoms can be expected following this procedure if it is 
performed early in the disease before the esophagus becomes markedly en- 
larged, angulated, and fibrotic in the narrowed segment. Such angulation pro- 
vides areas of stasis and pooling of food and decreases the chances of an imme- 
diate good result. 
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Fig. 2. Fig. 3. 


Fig. 2.—Preoperative 30-minute film of patient in Fig. 1. Showing barium retention and 
moderate esophageal dilatation. 

Fig. 3.—Postoperative 1-minute film of same patient with barium bolus on way down 
esophagus. Note stomach already full with no esophageal retention. Esophagus is normal 
caliber. 
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Fig. 4. Fig. 5. 


Fig. 4.—Preoperative 30-minute film of 19-year-old patient. Note absence of barium in 
stomach after even this period of time. 

Fig. 5.—Postoperative 1-minute film of same patient. Note normal size of esophagus and 
barium on way through esophagus. This patient has gained 15 pounds since the procedure. 
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Early diagnosis of cardiospasm will make possible proper surgical treat- 
ment under optimal conditions. Rapid and early weight gains postoperatively 
by these patients attest to the benefits of the operation. 
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IMPROMPTU BOWEL CLEANSING AND STERILIZATION 
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(MC) USN,** Berry L. Vesta, B.S.,*** anp Karu E. Karson, M.D.,**** 
Sr. ALBANns, N. Y. 


(From the Department of Surgery, Surgical Research Laboratory, U. S. Naval Hospital) 


INTRODUCTION 


HIS study was undertaken to evaluate the feasibility and limitations of 

eolonie cleansing and sterilization at laparotomy. Specifically, the merits 
of 0.9 per cent saline, 1 per cent neomycin, and 0.4 per cent Clorpactin WCS 
90+ irrigations were appraised in their ability to reduce immediately the bac- 
terial, yeast, and mold counts in unprepared canine colons. 


METHOD 


Nonfasting adult mongrel dogs, unselected for weight and sex, were used. 
The animals received 4 mg. per kilogram of morphine sulfate subeutaneously, 
1 to 1% hours before surgery which was carried out under intravenous sodium 
pentobarbitol given according to weight. 

Following laparotomy the colon was exposed throughout. A No. 38 French 
colonic tube was introduced into the rectosigmoid either through a purse-string 
suture or by passing it via the anus intralumenally to this level. Umbilical 
tape ties were utilized to isolate the segment from the rectum and ileum. The 
isolated segment of colon was approximately 40 em. in length. The irrigating 
solutions were introduced into the cecum through a 13 to 15 gauge needle 
attached to a sterile intravenous set (Fig. 1). 

Saline colonic irrigations were followed by either a 1 per cent neomycin 
or a 0.4 per cent Clorpactin WCS 90 wash. <A long longitudinal ecolotomy was 
performed on several of the colons irrigated with Clorpactin WCS 90. This 
colotomy was closed and re-examined 6 to 8 weeks later. Three hundred eubic 
centimeters of Clorpactin WCS 90 was left in the peritoneal cavity of those 
animals whose colons were washed with Clorpactin WCS 90. When these ani- 
mals were sacrificed some weeks later the peritoneal surface and mucosa were 
studied for effects that might be attributed to this agent. 


This project was aided by a contract from the Office of Naval Research, Department of 
the Navy. Reproduction of this paper in whole or in part is permitted for any purpose of 
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Specimens were taken of the effluence and of the mucosa at the start of 
the irrigations and at varying stages throughout the procedure; they were 
cultured for bacteria, yeasts, and molds. In 2 eases the Clorpaectin WCS 90 
was inactivated immediately after its exit from the colonie tube with an equal 
volume of 0.1N sodium thiosulfate.’ 

Trypticase-soy agar and trypticase-dextrose extract were used for bacterial 
cultures, Sabouraud’s dextrose agar for the mold cultures, and wort agar for 
the yeast cultures. Bacterial plates were incubated for 24 hours at 35° to 37° 
C. and mold and yeast plates at 28° to 30° C. for 5 to 7 days. At the end 
of the ineubation periods, the developed colonies were counted. These counts 
are expressed as counts per cubic centimeter of colonic wash fluid. 


Vig. 1—The method used for impromptu bowel cleansing and sterilization. Insert shows 
alternate drainage method. 


RESULTS 


The initial colony counts reflect the type of colon contents at the initiation 
of the wash. In most cases the colon was filled with bulk feces and the first 
specimen consisted of slightly wetted stool. The initial bacterial counts ranged 
from 600,000 to 575,000,000 colonies per cubic centimeter. The saline wash 
was very effective in reducing the bacterial counts; counts as low as 900/c.c. 
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TABLE I. BAcTERIAL, YEAST, AND MoLD Counts AFTER SALINE WASHED THROUGH Bo\ 
(Colonies per Cubic Centimeter of Wash Fluid) 


DOG 
NUM- STARTING 500 c.c. 1,000 c.c. 1,200 c.c. 1,500 c.c. 2,000 cx 
BER COUNT SALINE SALINE SALINE SALINE SALINI 
B 2.6x106 749,000 111,000 ; 
1 ¥ 5.1x106 246,000 1.6 x 106 
M 2 0 10 
B 14.9 x 106 8.6x106 380,000 
9 * * * 
M 0 2 2 
4 B 48 x106 2.5 x 106 
B 5.1 x 106 19,000 
B 40 x106 4.3 x 106 
7 = 57 x106 4.5 x 106 
M 2 0 
B 575 x106 155 x 106 1.25 x 106 
8 b 4 500,000 264,000 173,000 
M 2 1 0 
B 5.5 x 106 2.0 x 106 1.7 x 106 
9 = 0 0 0 
M 0 2 0 
17 B 900,000 130,000 36,000 7,200 5,900 
18 B 110,000 
19 B 2.3 x 106 150,000 
23 B 600,000 30,000 
24 B 220,000 
B = Bacteria. = Yeasts. M = Molds. 


*Growth present on yeast plates, but not typically yeasts. 


were obtained after saline alone (Table I and Fig. 2). In most cases 500 c.c. 
of saline was sufficient to yield a clear colorless wash; in all cases 1,000 c.c. 
of saline gave this result. The time necessary for 1,000 ¢.c. of irrigating solu- 
tion to traverse the colon was 5 to 8 minutes, depending upon the needle gauge 
and height of the fluid column. 

The 1 per cent neomyein irrigation was effective even with contact periods 
of less than 2 minutes in reducing bacterial counts to very low values. How- 
ever, yeasts and molds cultured out of the irrigating solution in an erratic 
manner. There was no apparent relationship between the bacterial response 
and the yeast and mold response (Table II). 

Two hundred cubie centimeters of 0.4 per cent Clorpactin WCS 90 wash 
routinely reduced the counts to a sterile or almost sterile state. In only one 
instance was an organism cultured from the wash solution after more than 200 
e.c. had passed through the colon (Dog No. 21, 1 bacterial colony per cubic 
centimeter). The Clorpactin WCS 90 caused the same decrease in yeast and 
mold counts as in bacterial counts (Table IIT). 

In 2 Clorpactin WCS 90 dogs (Nos. 18 and 23) and in 2 neomycin animals 
(Nos. 19 and 24) the wash solution was plated for culture within 2 minutes 
after it left the colon. There was no great difference discernible between the 
results in the immediate and the routine cultures. 
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Three hundred cubie centimeters of 1 per cent neomycin, 0.4 per cent Clor- 
pactin WCS 90, or 0.9 per cent saline was used to wash the peritoneal cavities 
of animals that had total longitudinal colotomies. Another 300 e.e. of anti- 
microbial solution was left in the peritoneal cavity at closure. All of the wash 


Bacterial Colony Count inn x 10°/e.c. of Wash 
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Fig. 2.—The decline in colony counts following saline irrigation. 


TABLE II. BACTERIAL, YEAST, AND MoLp Counts AFTER NEOMYCIN WASHED THROUGH BOWEL 
(Colonies per Cubic Centimeter of Wash Fluid) 


DOG 
NUM- STARTING 200 c.c. 500 c.c. 750 C.c. 1,000 c.c. 
BER COUNT NEOMYCIN | NEOMYCIN | NEOMYCIN | NEOMYCIN REMARKS 
B~ 111,000 1 0 0 
1 b 1.6 x 106 8 13 20 
M 10 10 2 4 
B 1.25 x 106 0 0 
8 Y = 173,000 0 0 
M 0 0 1 
B 1.7 x 106 16,000 3 11,000 
9 Y 0 370 0 8 
M 0 1 1 3 
B_ 150,000 32 1 12 6 Tmmediate 
19 ¥ 181 780 culture 
M 180 780 
B 220,000 0 0 37 Tmmediate 
24 Y 0 18,000 culture 
M 13,500 18,000 


B = Bacteria. Y = Yeasts. M = Molds. 


Solutions were effective in reducing the counts of organisms present on the 
peritoneal surface previous to washing. All of these animals showed few ad- 
hesions at re-exploration 6 to 8 weeks later. 

Mucosal biopsies were taken in 7 dogs before and after colonic irrigations 
(3 Clorpactin WCS 90, 3 neomycin, and 1 saline). In only one instance, a 
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TABLE III. BAcTERIAL, YEAST, AND MoLpD CouNnTS AFTER CLORPACTIN WCS 90 Wasiii:yp 
THROUGH BOWEL 
(Colonies per Cubic Centimeter of Wash Fluid) 


DOG 200 c.c. 500 c.c. 750 o.c. | 1,000 c.c. 
NUM- STARTING CHLOR- CHLOR- CHLOR- CHLOR- 
BER COUNT PACTIN PACTIN PACTIN PACTIN REMARKS 
B 380,000 0 0 Neutralized with 0.) N 
2 Y 0 0 sodium thiosulfat» 
M 0 0 0 
4 B 2.5 x 106 0 0 Neutralized with 0.1 N 
sodium thiosulfate 
B 4.3 x 106 0 0 
7 Y 4.5 x 106 0 0 
M 0 2 0 
B 110,000 0 0 0 0 Immediate plating 
18 Y 0 0 0 0 
M 0 0 0 0 
B 30,000 6 0 1 0 Immediate plating 
23 0 0 
M 0 0 


B = Bacteria. Y = Yeasts. M = Molds. 
*Growth present on yeast plates, but not typically yeasts. 


Clorpactin WCS 90 study, was the mucosa nonculturable after irrigation. All 
other studies showed persistent contamination of the mucosa, though irriga- 
tion effected a decline in number of developed colonies. 


DISCUSSION 


Clorpactin WCS 90 is a buffered, stabilized organic derivative of hypo- 
chlorous acid. By previous reports it has been shown to be bacteriocidal, fun- 
gicidal, and virucidal in low concentrations with very short contact times.’ *'' 
The complete antimicrobial spectrum appears admirably suited for sterilization 
of mixed infection. The effective use of Clorpactin WCS 90 in urology as a 
bladder wash has been published.*** The amount of organie debris present 
which will compete with the organisms for the Clorpactin WCS 90 limits the 
antimicrobial effect. Because of this problem in the colon, we prefaced our 
Clorpactin WCS 90 wash with saline to remove the majority of the bulk. We 
have noted no toxicity locally or systemically either in experimental animals or 
clinically in the concentrations used (0.4 per cent). We have employed the 
agent topically, intracolonically, and intraperitoneally. 

Neomyecin, as has been shown previously, is effective in reducing the bac- 
terial count but still allows the growth of yeasts and molds. Neomyein appears 
to be more quickly effective when used according to the irrigation technique 
described herein than when placed in the colon for a 30- to 45-minute period.” ° 
As with Clorpactin WCS 90, diluting the bulk material with saline reduces 
the count to a level where the relatively high concentration of neomyein can 
effect a rapid kill. However, recently neomycin has been implicated as a cause 
of death following intraperitoneal instillation.’ 

Saline mechanical cleansing was very effective in reducing the bulk and 
microbial counts. Four dogs were subjected to total longitudinal colotomies 
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from cecum to rectum following 1,000 ¢.e. of saline wash. The mucosa in these 
animals was perfectly clean; no feces or mucus remained in the colon. All 
dogs survived until sacrificed some weeks later. At necropsy they showed no 
greater evidence of peritoneal insult than those with antimicrobial therapy. 


Because of our highly satisfactory results experimentally, we have, to 
date, used this method of colonic cleansing with saline and Clorpactin WCS 90 
in 4 patients undergoing polyp surgery, with good results. 


The ability of Clorpactin WCS 90 to destroy unicellular organisms, in- 
cluding amoebae, has suggested the use of this material to wash the operative 
field following eancer surgery to destroy desquamated tumor cells. Experi- 
mental and clinical studies to date imply that this technique is effective. Further 
studies are under way. 


SUMMARY 


Impromptu bowel cleansing and sterilization using a preliminary saline 
irrigation followed by a 1 per cent neomyein or 0.4 per cent Clorpactin WCS 
90 wash effectively cleansed the colon and very rapidly reduced bacterial counts 
to sterile or trace levels. However, veast and mold response to neomyein was 
erratic and unpredictable. Following 200 ¢.c. of Clorpaetin WCS 90 the wash 
fluid was routinely sterile for yeasts and molds as well as bacteria. 


Though the materials tested rapidly reduced the contamination of the 
bowel contents, the action on the mucosa was less effective. In only one instance 
(with Clorpactin WCS 90) was the mucosal biopsy sterile. 


Clorpactin WCS 90 appears to be a safe, effective antimicrobial agent in 
the concentration studied (up to 0.4 per cent) for use topically, intraperitoneally, 
and intracolonieally. 
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THE APPLICABILITY OF IMMEDIATE OPERATIVE 
CHOLANGIOGRAPHY 


A CLINICAL ANALYSIS AND AN IN Vitro Strupy 


Max A. Hess, M.D., Noan Susman, M.D., AND Morton D. Pareira, M.D., 
Str. Louis, Mo. 


(From the Divisions of Surgery and Radiology, The Jewish Hospital of St. Lowis, and the 
Department of Surgery, Washington University School of Medicine) 


EVERAL compilations of experience with operative cholangiography have 

been reported in recent years.*’ It seems clear that operative cholangiog- 
raphy is of potential usefulness for investigation of the common duct after 
ealeuli have been removed from it. The potential usefulness of immediate eystic 
duct cholangiography (prior to exploration of the common duct or in substitu- 
tion therefore) has not been so clear, and classification of experiences with this 
procedure has not been consistent. In an attempt to elicit meaning from an 
experience with 76 consecutive immediate cystic duct cholangiograms, an analysis 
was made in reference to the following parameters: (1) the incidence of detee- 
tion of unsuspected common duct stones in patients with no indications for 
common duct explorations as compared to the incidence of unnecessary common 
duct explorations prompted by false positive cholangiograms in the same eate- 
gory of patients and (2) the feasibility of a negative cholangiogram substituting 
for common duct exploration in patients with any of the standard indications 
for common duct exploration (except, of course, palpatory evidence of caleulus 
in the course of the duct). It would seem that any virtues inherent in the 
use of routine immediate operative cholangiography in calculous biliary tract 
disease are to be found within these parameters. This type of evaluation of 
the procedure requires classification of data such as is shown in Table I. 


TABLE I. SEVENTY-S1ix CONSECUTIVE Cystic Duct CHOLANGIOGRAMS 


Unsatisfactory visualization 
Satisfactory visualization 69 
Clinical indication for common duct exploration 37 
Positive cholangiograms 13 
Stones recovered 8 
Stones not recovered 5) 
Negative cholangiograms 24 
Cystic duct exploration not done 6 
Cystic duct exploration done 18 
Stones recovered 6t 
Stones not recovered 12 
No clinical indication for cystic duct exploration 32 
Positive cholangiograms 3 
Verified 2 
Unverified 3° 
Negative cholangiograms 29 


*False positive (5-1). 
{False negative (6). 
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By determining the number of verified positive cholangiograms among 
patients with none of the standard indications for common duct exploration, 
a more accurate representation of the incidence of detection of unsuspected 
stones is gained. In this series, 2 of 32 (6.2 per cent) patients with no clinical 
indication for common duct exploration harbored common duet ealeuli as found 
by eystie duct cholangiography and verified by common duct exploration (Table 
I). One common duct was unnecessarily explored in a patient without clinical 
indication for common duct exploration (3.1 per cent) because of a false posi- 
tive cholangiogram. 

By ascertaining the instances in which common duct stones are recovered 
among patients with clinical indication for common duct exploration and with 
negative cystic duct cholangiograms, and who nevertheless have had common 
duct exploration, the true incidence of false negative cholangiograms in any 
experience can be established. In this series the incidence of false negative 
cholangiograms was 33.2 per cent. When the false negative cholangiograms 
in this series are expressed as a percentage of all of the cholangiograms in the 
series which were satisfactorily visualized, the incidenee becomes only 8.7 per 
cent. This, of course, is a false assay of the situation. 

An ineidence of 33.2 per cent false negative cholangiograms in a selected 
group of well-visualized ductal systems would certainly contraindicate the sub- 
stitution of immediate cystic duct cholangiography for common duct explora- 
tion in patients with clinical indications for it. Furthermore, if the rather high 
incidence of false negative cholangiograms in this series could have been reduced, 
it seems probable that more than 2 of the 32 patients without clinical indication 
for common duct exploration might have been found to harbor common duct 
stones by routine immediate cholangiography. 

It is thus evident that reduction of the incidence of false negative observa- 
tions is necessary if immediate operative cholangiography is to have its use- 
fulness extended. Improved visualization by contrast displacement being the 
crux of this accomplishment, the problem becomes the determination of that 
concentration of radio-opaque material which will not be too dense to demon- 
strate the smallest filling defect in an enlarged ductal system and yet not be 
so dilute as to prevent adequate contrast for visualization of the biliary tree. 
Three simultaneous variables are involved: duct size, caleulus size, and con- 
centration of medium, the latter being the only one of the three that is con- 
trollable. 

A controlled in vitro study was made to ascertain the most optimum con- 
centration of medium. Three sets of borings, 10 em. in length, were made in 
a 2-em. thick Lucite block. Each set consisted of three equal borings. The 
diameters of these three sets were 5, 10, and 15 mm., respectively. Lucite cones 
were prepared for each boring. These cones were 3 mm. less in length than 
the borings; they were isodiametric to the borings at their bases and about 1.0 
mm. in diameter at their apices (Fig. 1). With the borings completely filled by 
the combination of cone and radio-opaque material, the degree of visualization 


290 HEEB, SUSMAN, AND PAREIRA Surgery 


February, 195¢ 


Fig. 1.—Lucite block showing 3 sets of borings (right). Plastic cones for insertion into 
borings (left). 


Fig. 2.—Radiograph of the Lucite block (within pressed wood phantom) with cones 
in place and borings filled with 30, 25, and 20 per cent Urokon, from left to right, re- 


spectively. 
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Fig. 3.—Radiograph of the Lucite block (within pressed wood phantom) with cones in place 
and borings filled with 25, 20, and 15 per cent Urokon, from left to right, respectively. 


Fig. 4.—Inadequately exposed radiograph (borings filled with 25, 20, and 15 per cent Urokon) 
showing poor contrast in the two smaller, and absent contrast in the largest borings. 
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of the radiolucent cone in the various portions of its tapering diameter ecoul. 
be observed. Sodium acetrizoate (Urokon) was the radio-opaque material used 
Radiographs were made with the Lucite block in a 25 em. deep, pressed woo 
phantom having the same seattering effect as the human body. The block was 
placed in the center of the phantom, which equated the in vitro situation wii) 
that of the sthenie individual. 

In the first group of observations, one of each of the borings of the three 
sets was filled around the cones with 30, 25, and 20 per cent concentrations o/ 
the medium, respectively. In the second group of observations, the concentra- 
tions used were 25, 20 and 15 per cent, respectively. The clearest delineation 
of the cones invariably appeared with the 15 per cent concentration (Figs. 2 
and 3). Delineation became no more discrete at the 10 per cent concentration, 
but visualization of outline continued to become hazier. Adequate penetration 
was necessary to yield the maximal degree of delineation; even with the 15 
per cent concentration, delineation was easily lost when there was inadequate 
penetration (Fig. 4). 


DISCUSSION 


Ashmore and associates! found that concentrations of 17.5 per cent Diodrast 
or 12.5 per cent Neo-Iopax best delineated radiolucent (human) gallstones of 6 
and 8 mm. diameter in enlarged (10 mm.) canine common ducts; stones of 2 and 
3 mm. diameter could not be delineated. 

In the present observations radiolucencies down to at least 2 mm. in diam- 
eter were visualized when centrally placed in lumina of 5, 10, and 15 mm. 
diameters, respectively, when filled with 15 per eent Urokon. The seattering 
effect of the stheniec human body was provided, but it must be stated that the 
fogging produced thereby was more homogeneous than that produced by the 
human body. 

It was quite evident in these observations that adequate penetration was 
necessary to produce the delineation described. It is possible that an over- 
exposed film might lead to visualization of a radioluceney with use of greater 
concentration of medium than that found optimum here, but this would be at 
the expense of over-all detail as well as being unnecessary. It is essential] that 
the technique of operative cholangiography be as studied and controlled as in 
any good radiographic technique but, beyond this, it does not seem necessary 
to belabor the matter. Others have quite adequately described the basic tech- 
nique.?> 7 
SUMMARY 


1. An experience with 76 immediate cystic duct cholangiograms is analyzed 
in an attempt to evaluate the usefulness of this procedure. 

2. The incidence of false negative cholangiograms (33.2 per cent) in this 
series suggests that immediate cholangiography cannot safely substitute for 
clinically indicated common duct exploration. 

3. Extended usefulness of immediate cholangiography depends upon the 
development of improved visualization by contrast displacement. 


Volume IMMEDIATE OPERATIVE CHOLANGIOGRAPHY 993 
Number 


4. An in vitro apparatus for the study of contrast displacement visualiza- 
tion under the same conditions as exist in operative cholangiography is described, 
and a study made with it is presented. 
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LATE RESULTS OF USING TANTALUM GAUZE IN THE REPAIR OFF 
LARGE HERNIAS 


H. C. Dates, M.Cu., F.R.C.S., anp J. Kyte, M.Cu., F.R.C.S., Betrast, IRELAN» 
(From the Departments of Surgery, The Queen’s University, and the Belfast City Hospital) 


HE repair of those large hernias that are characterized by loss of tissue in 
the abdominal wall has always been difficult. Many different techniques 
and suture materials have been tried but none has proved to be completely 
successful. In 1940, Burke! first suggested that tantalum, the seventy-third 
element in the periodic table, might be suitable for use in living tissues, but 
it was not until 1948 that Throckmorton® reported on the use of tantalum gauze 
in the repair of large hernias. Several other workers have made use of this 
material,” * * § but to date no long-term results have been available. Mayo and 
Keeley® believe that patients who have had hernias repaired should be followed 
for at least 5 vears before the results of the operations are presented, as late 
recurrences are sometimes encountered. All the patients described in this report 
were operated upon more than 5 years ago. 


Clinical Material_—Forty-six patients had their hernias repaired by the 
implantation of tantalum gauze. Two patients had bilateral inguinal hernias 
so treated. After their operations the patients were seen several times during 
the first year; thereafter they were followed at intervals of one or 2 years. 
Thirty-seven patients were x-rayed at least once to determine the rate of frag- 
mentation of tantalum gauze. 

During the observation period, 2 patients were lost to follow-up, and 6 
died from causes unconnected with their hernias. There are therefore 58 
patients with 40 hernias who have been followed for over 5 years. Of these 
40 large hernias, 30 were in the inguinal region, while 6 were of the incisional 
and 4 of the paraumbilical type. 


Operative Methods.—The tantalum gauze employed consisted of tantalum 
wire, 0.003 inches (0.01 mm.) in diameter, woven into a 50 by 50 mesh (Ethi- 
con). The most frequent indication for its use was to close a defect in the 
abdominal wall where the fascial edges could not be approximated without 
marked tension ; less often it was used to reinforce a suture line where, although 
the fascial edges had been approximated, the tissues were so weak and attenuated 
that recurrence seemed likely. 

The operative techniques that were employed were developed by one of 
us (H. C. D.) during 1948. 


Inguinal hernia: The inguinal canal was opened in the usual way, and 
the sac removed or pushed back. The edges of the defect in the posterior wall 
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were cleared of areolar tissue, and, if possible, the remains of the transversalis 
fascia were sutured together with interrupted catgut stitches. A piece of 
tantalum gauze was then cut to the required size, and a ‘‘V’’ noteh made in 
its lateral border to accommodate the cord. The edges of the gauze were in- 
folded for about 0.5 em. all round. The implant so formed was stitched to 
the lower border of the internal oblique muscle and to the deep surface of the 
inguinal ligament, using interrupted stitches of tantalum wire carried on a 
fine needle and spaced 1 em. apart. The cord was then laid on top of the 
gauze and the external oblique aponeurosis closed in front of it with a con- 
tinuous catgut stitch. 


Incisional or paraumbilical hernia: The sae was dealt with in the usual 
manner, and in most cases the peritoneal edges and then the fused musculo- 
fascial layers were sutured together with catgut. The tantalum gauze was 
then stitched to the superficial surface of the rectus sheath with tantalum 
wire. In a few eases where the musculofascial edges could not be approximated, 
the tantalum gauze was stitched across the defect in a manner similar to that 
used when dealing with large inguinal hernias. 


RESULTS 


There are 40 hernias (in 38 patients) in the present series and all were 
operated upon more than 5 years ago. Table I shows the duration of follow-up. 


TABLE I. DURATION OF FOLLOW-UP OF 38 PATIENTS 


NUMBER OF YEARS | NUMBER OF PATIENTS 
5-6 18 
6-7 13 
7-8 


Over 8 


Seven of the hernias have recurred, 6 within 18 months of operation and 
one (an incisional hernia) after 4 years. The distribution of the recurrences 
among the different types of hernias is shown in Table II. Two inguinal 
hernias reeurred, a recurrence rate of 6.6 per cent, and there were 2 persistent 
inguinal sinuses, which necessitated the removal of the gauze implants. In one 
of these cases nylon and in the other ease linen thread had been used to suture 
the gauze into position. They must be regarded as failures, giving a total 
failure rate for inguinal hernias of 13.3 per cent. The recurrence rate in the 
incisional and paraumbilical hernia group, however, is 50 per cent. None of 
the 6 patients who died during the follow-up period had a recurrence at the 
time of his last attendance at the hospital. 


TABLE II. DETAILS OF RECURRENCES AMONG 40 LARGE HERNIAS REPAIRED WITH TANTALUM 
GAUZE 


NUMBER OF NUMBER OF 


TYPE OF HERNIA HERNIAS RECURRENCES NUMBER OF SINUSES 
Inguinal 
(direct 23; indirect 7) 30 2 2 
Incisional 6 4 0 
Umbilieal 4 1 0 
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A study of the x-rays of the implants in 37 patients shows that after sone 
months fatigue fractures begin to appear. After 3 years all the implants ave 
fractured (Table III). There were fractures of the implants, often with wide 
separation of the fragments, in all those patients in whom recurrences were 
noted. A similar radiologic appearance was noted, however, in many patients 
whose repairs were clinically sound. 


TABLE III. INCIDENCE OF FATIGUE FRACTURES AMONG 37 TANTALUM GAUZE IMPLANTS 


TIME AFTER 
OPERATION GAUZE FRACTURED GAUZE INTACT TOTAL 
0-1 year 2(— ) 1 3 
1-2 years 9 ( 45%) 11 20 
2-3 years 5 ( 55%) + 9 
Over 3 years 5 (100%) 0 5 
COMMENT 


The high reeurrence rate of 50 per cent in the incisional and paraumbilical 
group of hernias shows that the onlay technique employed was not satisfactory. 
It has been abandoned in favor of the embedding method.? However, several 
recent workers do not favor the use of tantalum gauze in the repair of any 
upper abdominal hernia.* ® 


The results from using tantalum gauze in the repair of large inguinal 
hernias are more promising. The two sinuses occurred early in the series before 
it was realized that no unabsorbable material, apart from the tantalum gauze 
and wire, should be used in the repair. The total failure rate of 13.3 per cent 
does not compare unfavorably with the recurrence rates recorded for other 
methods of repairing these difficult hernias. After Gallie’s fascia lata type of 
repair, an average recurrence rate is 15.4 per cent,’ while a representative re- 
currence rate for the MacArthur technique is 11.9 per cent.® It should be 
emphasized, however, that only a small percentage of all inguinal hernias 
require the implantation of tantalum gauze. In America, Dunlop* found that 
an implant was only needed in about 10 per cent of cases and our experience 
in Britain has been similar. 


The difference between the number of recurrences and the number of gauze 
implants that ultimately fracture and fragment shows that the radiologic 
appearance of the implant is no guide to the final clinical result of the hernial 
repair. Fragmentation, however, can be of practical importance, as in the 
upper abdomen pieces of tantalum may penetrate into the peritoneal cavity 
and into the wall of the small intestine. In the inguinal region, fragmentation 
has not caused any ill effects, and by using tantalum gauze in the repair of 
large inguinal hernias, it is unnecessary to make relaxation incisions or per- 
form muscle slides in an abdominal wall that has already shown itself to be 
defective. 

SUMMARY 


1. The late results of repairing 40 large hernias with tantalum gauze are 
presented. 
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2. In inguinal hernias, tantalum gauze implants have given results at 
least equal to those obtained by other methods currently used in repairing 
hernias of comparable size. 

3. The gauze onlay technique is unsatisfactory in the repair of large 
incisional and paraumbilical hernias. 


4. Fatigue fractures develop in all gauze implants within 3 years, al- 
though the majority of the repairs remain clinically sound. 


We wish to thank Professor H. W. Rodgers for his interest in this work and for 
permission to publish the results. 
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THE ROUTE OF TRANSFER OF BACTERIA FROM THE RENAL 
PELVIS TO THE CIRCULATING BLOOD 


H. Ratrner, M.D., M. K. Myint, M.D., 
JoHN J. Murpeuy, M.D., PHILADELPHIA, PA. 


(From the Harrison Department of Surgical Research, and the Department of Surgery, Division 
of Urology of the Schools of Medicine and the University of Pennsylvania) 


BSTRUCTION to the flow of infected urine from the renal collecting sys- 
tem may result in bacteremia. This is manifested clinically by shaking 
chills, fever, leukocytosis, and profuse diaphoresis. A shocklike state may 
supervene.® The same organism which is present in the urine may be found by 
bacteriologie studies of the cireulating blood. The manner in which the miecro- 
organisms gain entrance to the blood stream is not clearly understood. The fol- 
lowing experiments were conducted to clarify this problem. 


EXPERIMENTAL PROCEDURE 


Adult mongrel dogs were used as experimental animals and were anes- 
thetized with intravenous pentobarbital. The thoracic duct was exposed in the 
right chest cavity and through it a No. 18 polyethylene tube was passed to the 
cisterna chyli. Through a midline abdominal incision both ureters were identi- 
fied and isolated. One ureter was clamped and a polyethylene catheter was 
passed through the other ureter to the renal pelvis. A control sample of urine 
was obtained and control specimens of lymph and renal and femoral vein blood 
were taken. One to two cubic centimeters of a bacterial suspension (Staphylo- 
coccus aureus, Escherichia coli, or Serratia marcescens) was introduced through 
the catheter into the renal pelvis. The catheter was then withdrawn and the 
ureter occluded by ligature. Samples of lymph from the cisterna ehyli, from 
the renal vein, and from the femoral vein were taken at 15-, 45-, and 90-minute 
intervals. In 6 dogs a lymph node was found between the kidney and the cis- 
terna chyli (Fig. 1). This node was removed at the end of the experiment and 
subjected to bacteriologic study as were the blood and lymph samples. Each 
specimen was placed on nutrient agar or desoxycholate agar as well as in beef 
heart infusion broth. After 48 hours the broth dilutions were plated on blood 
agar or bacto-eosin-methylene blue agar. Only qualitative evaluation for growth 
of the inoculated organism was made. 


RESULTS 


The urine specimen taken prior to the inoculation of the renal pelvis was 
found to be sterile in all of the animals. Streptococcus faecalis, Staphylococcus 
aureus, or Sarcina lutea were found as contaminants in the renal and femoral 
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vein blood samples in 4 dogs. Each of the lymph nodes examined showed posi- 
tive cultures of the inoculated organism. The first lymph sample from 6 dogs 
was positive. In no case were the bacteria found in the blood without being 
found in the first lymph sample or the lymph node. Only one of the dogs 
which had a positive culture from the lymph sample failed to develop a bac- 
teremia. The concentration of organisms in the inoculum appears to be an 


Lymph node 


——Cysterna chyli 


Pig. i. 


TABLE I, SUMMARY OF THE BACTERIOLOGIC DATA OF THE 10 ANIMALS STUDIED 


15-MINUTE | 45-MINUTE | 90-MINUTE 
INOCULUM CONTROL SAMPLE SAMPLE SAMPLE 
1 Staphylo- 14 billion None 0 Strepto- 0+ 0 000 0 00 0 
coccus coccus 
aureus faecalis 
2 Escherichia 8 million None 0 Staphylo- 0 0 O 0 0 0 0 0 0 0 
colt coccus 
aureus 
3. Escherichia 46 million None 0 0 0 O 0 0 68 2 0 0 0 0 
colt 
4 Escherichia 2 billion + £0 Sarcina 0 0 O 0 0 0 0 O + + 
coli lutea 
5 Escherichia 14 billion + 0 Strepto- O + + 0 O + + O + + 
coli coccus 
faecalis 
6 Escherichia 35 billion + 0 0 0 O 0 0 + + + + 0 0 
coli 
7 Serratia Over 35 + 0 0 o + 6 0 + O O + + + 
Marcescens billion 
8 Serratia Over 58 None 0 0 O + + O + + 0 oO + 0 
Marcescens billion 
9% Serratia Over 50 + 0 0 QO + + + 0 + + 0 + + 
Marcescens billion 
10 Serratia Over 50 + 0 0 Oo + 0 0 + + O + + 0 


Marcescens billion 


“WE. 
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important factor. When the concentration of organisms was greater than on. 
billion per eubie centimeter there was a greater number of positive cultures ::, 
the blood and lymph. Three of the 5 dogs inoculated with Escherichia coli ha: 
positive blood and lymph cultures, and all 4 dogs inoculated with Serratia mu: 
cescens had positive blood and lymph cultures. 


DISCUSSION 


Albarran,' in 1889, was the first to show that bacteria (Bacterium pyo- 
genes) introduced into the ureter and renal pelvis could produce a blood strea 
infection. Studies using India ink particles? showed that the lymphaties ear- 
ried debris from the kidney. Magoun® inoculated the renal pelvis with Bacil- 
lus prodigiosus and recovered the organism from spleen and vena cava in one 
of 5 experiments and also showed that patients with acute pyelonephritis often 
have bacteremia.* Subsequent investigators have confirmed this earlier work. 

The importance of the renal lymphaties as a transport mechanism for urea, 
glucose, the dye T-1824, and other substances has recently been reported by 
Murphy and Myint.’ The present study indicates that in addition to carrying 
metabolites and excretory products the lymphatics can convey organisms to 
the blood stream through the thoracic lymphatie ducts. The point of entrance 
for bacteria into the lymphatic system is uncertain. There may be direct 
pyelolymphatie channels but it seems certain that pyelotubular and pyeloin- 
terstitial routes exist and that the lymph may pick up the substances or parti- 
cles from these areas. 

All of the nodes lying between the kidney and the cisterna chyli yielded 
positive cultures for the inoculated organisms. The presence or absence of an 
effective lymph node screen and the concentration of the infecting organism 
may well determine whether or not a patient will develop a bacteremia from an 
acutely obstrueted infected kidney. 


SUMMARY 


1. Bacteria were introduced into the renal pelvis of 10 dogs and acute 
ureteral obstruction was produced. 

2. If a bacteremia ensued it was always preceded or accompanied by the 
presence of bacteria in the lymph node or lymphatic channels from the kidney. 

3. The renal lymphaties play an important role in the mechanism of bac- 
terial transport from the renal pelvis to the circulating blood. 


We acknowledge and appreciate the technical assistance of Miss Helen Ellis, B.S. 
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THE USE OF A DONOR LIVER IN EXPERIMENTAL ANIMALS WITH 
ELEVATED BLOOD AMMONIA 


JaMEs J. Orro, M.D., JosepH C. Penper, M.D., James H. Cueary, M.D., 
Davip M. Sensenic, M.D., C. Stuart Wetcu, M.D., AuBany, N. Y. 


(From the Laboratory of Experimental Surgery, Albany Medical College, the Albany Veterans 
Administration Hospital, and the Albany Hospital) 


NUMBER of investigators” * 1° 1% 14 have reported that Eck fistula dogs 

given meat, ammonium chloride, or other nitrogenous products may de- 
velop abnormal neurologic signs associated with an elevated blood ammonia, the 
so-called meat intoxication syndrome. 

A similar clinical picture associated with an elevated blood ammonia has 
been deseribed in patients who have had portacaval shunts or who have de- 
veloped hepatic coma.’ Both Mann'* and White’’ have demonstrated that 
the liver in situ can extract excess ammonia from the circulating blood. Several 
investigators® *° have shown that isolated mammalian livers perfused with 
pump-oxygenators are able to perform certain metabolic functions. The pur- 
pose of the present investigation was to determine whether or not an isolated 
homologous liver perfused with arterial blood using gravity flow would be 
effective in reducing the blood ammonia in dogs with the meat intoxication 
syndrome. 

MATERIALS AND METHODS 


Normal adult mongrel dogs and other animals that had previously been 
subjected to an end-to-side portacaval shunt were used. All donor animals 
received intramuscular oxytetracyecline (Terramycin)* for 3 days prior to the 
experiment. During perfusion, intravenous tetracycline (Tetracyn)* was ad- 
ministered to the recipient animals. Anesthetic agents employed were sodium 
pentothal intravenously for induction and a mixture of ether and oxygen for 
maintenance. Respirations were controlled by a positive pressure breathing 
apparatus. 

Elevated blood ammonia levels were produced in these experimental ani- 
mals in three different ways: first, as a result of the intravenous injection of 
2 ¢.e. per kilogram of body weight of a 2.14 per cent solution of ammonium chlo- 
ride; second, as a result of the foree feeding of Eck fistula animals with a mixture 
of 200 e.c. of old human blood and 15 Gm. of urea, 4 times a day for 2 to 3 
days; and third, as a result of spontaneous elevations in chronically ill Eck 
fistula animals. Paper chromatographic studies® were done on the afferent and 
efferent blood of the perfusing liver to identify and detect any changes in the 
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concentrations of the circulating amino acids. In certain experiments 5 me. 
per kilogram of body weight of Bromsulphalein was administered intravenousl) . 
and the bile produced by the donor liver was collected and analyzed for thi 
presence of this dye. Blood ammonia levels were determined by the miero- 
diffusion technique of Conway.° Gross and microscopic examinations of tl 
donor livers were made at the conclusion of each experiment. 

The femoral artery and vein of the heparinized recipient animals were 
cannulated and flow established as shown in Fig. 1. Hepatectomies were per- 
formed on the donor dogs under aseptic conditions, taking care to achieve 
complete hemostasis. After mebilization of the liver and cannulation of the 
gall bladder, the choledochus and large vessels were clamped and divided and 
the liver was removed from the donor animal. The portal vein and efferent 
vena cava were then cannulated and blood flow through the liver was established 
as shown in Fig. 1. 


Portal Vein 
(cannulated ) 


Catheter from 
Gall Bladder 


-~Vena Cava 
(cannulated) 


Fig. 1.—Sketch of perfusion setup. Flow after cannulation of femoral artery and vein 
-a, +b, +e, +f. — after cannulation of portal vein and inferior vena cava of the donor 
liver, -a, +b, d, f. Liver suspended in Ringer’s solution bath, maintained at 39° C. 
Column of blood oe reservoir maintained at a level of 20 to 25 em. above the perfusing liver. 


The rate of blood flow through the perfused liver was kept in the vicinity 
of 30 ¢.c. per minute per kilogram of body weight of the donor animal, and the 
pressure in the portal vein of the donor liver was equivalent to a column of 
blood 25 em. in height. 

Five groups of animals were studied. Group I was a control group of 7 
normal mongrel dogs that were given ammonium chloride intravenously. Group 
II consisted of 4 Eck fistula control dogs also given intravenous ammonium 
chloride solution. In Group III, 6 Eck fistula dogs were given intravenous 
ammonium ehloride and then the arterial blood was perfused through a donor 
liver in the manner described. In Group IV, elevated blood ammonia levels 
were achieved in 4 Eck fistula animals by foree feeding with old human blood 


{ 
/ 
oxtcher 
/ 
~tube 
Cannulated 
Xo f. Femoral V. 
Y-tube #2 a 
- 
—— Cannulated 
Femoral Ae 
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and urea following which the arterial blood was perfused through a donor liver. 
In Group V, a similar perfusion was carried out with 4 chronically ill Eck fistula 
dogs that developed spontaneous elevations of the blood ammonia. 


TABLE I. Bioop AMMONIA LEVELS IN GROUPS I THROUGH V 


TIME IN HOURS 
BASE LINE BLOOD | MAXIMAL AND MINIMAL ARTERIAL REQUIRED FOR 


AM MONIA AT BLOOD AMMONIA LEVELS DURING RETURN TO BASE 
BEGINNING OF EXPERIMENT LINE AMMONIA 
GROUP EXPERIMENT | MAXIMUM | MINIMUM LEVELS 
I—7 normal dogs 
given I.V. R—0 to 53 (A) R—473to1265 R—0to47 R—0.5 to 1.5 (A) 
NH,Cl M—29.5 M—786 M—27.6 M—0.6 
Il—4 Eck fistula dogs 

given L.V. 

NH,Cl without R—98 to 203 (A) R—840 to 1820 R—181 to 386 R—18 to 42* (A) 

perfusion M—141 M—1425 M—241 M—24.5 


I1I—6 Eck fistula dogs 
given I.V. 
NH,Cl and R—95 to 253 (A) R—1032 to 1440 R—8S4 to 209 R—0.7 to 1.5 (A) 
then perfused M—173 M—1248 M—150 M—1.2 


I1V—4 Eck fistula dogs 
force fed blood R—222 to 452 
and urea and (A) R—222 to 452 R—82 to 201 R—3 to 18t (V) 
then perfused M—30 M—333 M—141 M—8.1 


V—4 Chronically ill 
Eck fistula dogs 
with spontane- 
ously elevated 


blood ammonia R—280 to 376 R—17 to 28} 
and then per- (A & V) R—280 to 376 R—126 to 256 (A&V) 
fused M—310 M—310 M—180 M—24 


R—Range (gamma per cent). 
M—Mean (gamma per cent). 
(A)—Arterial. 
(V)—Venous. 


*One animal died in hepatic Coma 6 days postperfusion with a venous blood ammonia 
level of 540 gamma per cent. 


jIn one animal blood ammonia became elevated on the ninth postperfusion day and 
death in hepatic coma occurred on the thirteenth postperfusion day. Venous blood ammonia 
was 385 gamma per cent. 


tIn one animal the blood ammonia remained elevated. Death in hepatic coma oc- 
curred 2 days postperfusion with a venous blood ammonia of 330 gamma per cent. 


RESULTS 


Group I. Control Group of 7 Normal Dogs Given Ammonium Chloride 
Intravenously.—The fall in the arterial ammonia levels was rapid during the 
first 15 minutes after the injection of the ammonium chloride solution. In 
Group I, there were no deaths and all the animals had a normal clinical appear- 
ance following recovery from anesthesia. The results of the various groups 
are given in Table I, while the arterial blood ammonia ievels in representative 
experiments in Groups I, II, and III are plotted against time in minutes in 
Fig, 2. 

Group II. Control Group of 4 Eck Fistula Dogs Given Ammonium Chloride 
Intravenously.—The most marked fall in arterial ammonia levels in this group 
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occurred within 55 minutes, and by 150 minutes the ammonia values level. } 
off at about 400 gamma per cent. The blood ammonia levels did not return +: 
base line values until 24 hours later. Following recovery from anesthesia, 
the elevated ammonia levels in these animals were associated with one or »|| 
of the following abnormal neurologic signs: irritability, lethargy, ataxia, aiid 
rotary movements. Some 18 to 24 hours after the blood ammonia was in ihe 
range of the preinjection base line arterial ammonia level, all abnormal new- 
rologie manifestations disappeared. On the sixth postinjection day, one animal 
died in hepatic coma manifested by amaurosis, coma, opisthotonus, convulsions, 
apnea, and death. At the time of death the venous blood ammonia was 547 


gamma per cent. 


GRAPHS OF ARTERIAL BLOOD AMMONIA CONCENTRATIONS PLOTTED AGAINST TIME 
IN THE FOLLOWING GROUPS OF ANIMALS. 


NORMAL — GIVEN IV NH,CI,2ce./Kgm. BODY WT. OF A 2.14 % SOLUTION: 


mm ECK FISTULA- 


AND PERFUSED WITH A DONOR LIVER, O=—@® 


IN& % 


~ 


BASE LINE ARTERIAL BLOOD NH, 2033% 


#— BASE LINE ARTERIAL BLOOD NH, 


ARTERIAL BLOOD AMMONIA CONC. 


<— BASE LINE ARTERIAL BLOOD NH3 3ixy% 
nm $ $ 
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TIME IN MINUTES 


Fig. 2.—The 3 graphs demonstrate the rate of fall in the arterial ammonia levels in 3 repre- 
sentative animals from Groups I, II, and III. 


Group III, Six Eck Fistula Dogs Given Intravenous Ammonium Chloride 
Followed by Perfusion With a Donor Liver.—In this group, the rate of decline 
of ammonia levels is similar to but not quite so rapid as that of the normal 
controls. The most pronounced fall occurred within 30 minutes, and by 70 
minutes the base line blood ammonia levels were reached. Following recovery 
from anesthesia, all animals had a normal clinical appearance. 


Group IV. Four Eck Fistula Dogs Force Fed Old Human Blood and Urea 
and Perfused With a Donor Liver.—The maximum fall in the arterial blood 
ammonia occurred during the first 30 to 60 minutes of perfusion. Thereafter 
the ammonia levels remained stationary or rose toward the base line values. 
As the ammonia levels fluetuated, the donor liver continued to extract a con- 
stant percentage of ammonia from the circulating blood. The results for each 
of 3 dogs are plotted in Fig. 3. It is seen that in one experiment the blood am- 
monia after a temporary fall rebounded to levels one and one-half times the 
base line figure. Venous and arterial blood samples taken simultaneously from 
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the external jugular vein and the cannulated femoral artery demonstrated that 
in the animals of this group the ammonia concentration in the venous blood 
was one-half that found in the arterial blood. At the termination of perfusion, 
the ammonia levels in 2 animals were stationary at base line, while in the third 
animal the elevated ammonia level gradually approached the prefeeding venous 
base line value and was equal to it some 18 hours later. Here again, elevated 
ammonia levels were associated with the previously listed abnormal neurologic 
signs, all of which disappeared some 24 hours after the blood ammonia had 
fallen to the base line value. 
One animal died on the thirteenth postperfusion day in hepatic coma and 
the arterial and venous blood ammonias just prior to death were 647 and 385 
gamma per cent, respectively. 
GROUP 


ANIMALS FORCE FED BLOOD AND UREA, 
THREE REPRESENTATIVE EXPERIMENTS, 


INo% 


\ 
75- \ 


ARTERIAL BLOOD AMMONIA CONC. 


Fig. 3.—During the first 60 minutes of perfusion, there was a temporary fall in the arterial 
ammonia levels to values below the prefeeding venous base line ammonia levels. 


Group V. Four Chronically Ill Eck Fistula Dogs Perfused With a Donor 
Liver After Developing a Spontaneous Elevation of the Blood Ammonia.—The 
arterial blood ammonia levels in this group ranged between 280 and 376 gamma 
per cent with an average of 310 gamma per cent. Three of these 4 animals 
with elevated ammonia levels manifested abnormal neurologic signs. It is seen 
from Fig. 4 that the curves of arterial ammonia concentration plotted against 
time are similar in all 4 dogs. During perfusion, there was a temporary fall 
in the ammonia levels for the first 30 to 60 minutes followed by an elevation 
to a plateau or toward base line values. During the periods when the ammonia 
concentration of the arterial blood was inereasing, arterial and peripheral venous 
blood samples drawn simultaneously had identical blood ammonia levels. In 
(iroup V and in Group IV, the donor liver continued to extract a constant 
pereentage of ammonia from the cireulating blood while the arterial ammonia 
levels were increasing. 
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Twenty-four hours after perfusion, the venous blood ammonia was norms| 

in 3 of the 4 animals, but clinical improvement did not occur for an additions! 

24 hours. Over a period of 6 days, the ammonia levels gradually increase:| 

until the preperfusion base line values were reached. At this time, the anima!s 

again manifested abnormal neurologic signs. On the second postperfusion day, 

one animal died in hepatic coma with a venous blood ammonia of 330 gamma 
per cent. 

Thirteen livers were perfused. The average extraction of blood ammonia 
was 85 per cent with a range of 63 to 99.8 per cent. The periods of liver anoxia 
taken from the instant that the hepatic artery was ligated until a perfusion 
flow was established varied between 6 and 19 minutes with a median value of 
8 minutes. The paper chromatographic studies of amino acids demonstrated 
that as blood circulated through the donor liver changes occurred in the econ- 
centrations of certain amino acids. The amino acids affected most were gluta- 
mine and alanine. The concentrations of both tended to decrease in the efferent 
stream. Glutamic acid also appeared to decrease, but to a lesser extent. Valine, 
taurine, glycine, and leucine did not appear to be affected in the passage through 
the donor liver. 


GROUP ZX 
FOUR ECK FISTULA ANIMALS WITH SPONTANEOUS ELEVATION 
OF ARTERIAL BLOOD NH,. 


ARTERIAL BLOOD AMMONIA CONC, 
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Fig. 4.—Showing that during perfusion, the arterial ammonia levels in the chronically ill 
Eck fistula animals fluctuated widely. 


In those experiments where Bromsulphalein was administered intravenously, 
the bile produced by the donor liver contained between 18 and 22 per cent of 
the total amount of the dye that had been injected. The quantity of bile pro- 
duced varied between 5 and 15 ¢.ec. for an average 4-hour period of perfusion. 
Microscopie sections of the perfused livers demonstrated the presence of mini- 
mal-to-marked cloudy swelling of the hepatie cells. 
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DISCUSSION 
In the successfully perfused livers, we observed 4 phenomena which per- 
mitted us to set up standards which help to evaluate the adequacy of perfusion 
in any given experiment. First, there was a prompt appearance of a bright red 
color on the surface of the liver when blood flow through the organ was estab- 
lished. Second, there was extraction of ammonia from the circulating blood. 


Third, bile was produced by the perfused liver. Finally, when Bromsulphalein 
had been injected into the blood, it was present in the bile produced. 


The ability of the donor liver to remove 85 per cent of the ammonia from 
the blood circulating through it compares favorably with the work done by 
other investigators. Using hemodialysis to lower elevated blood amomnia, Kiley 
and co-workers" found a 50 per cent extraction during a single passage through 
the artificial kidney. Bessman and Bradley’ have reported that muscle and 
brain are capable of removing 40 per cent and 20 per cent, respectively, of ex- 
cess ammonia from the blood circulating through these tissues. 


A possible explanation for the rebound phenomena exhibited by the am- 
monia levels in the animals of Groups IV and V during perfusion could be the 
continuous release into the blood stream of ammonia from saturated intracellular 
depots. If the rate of this ammonia influx was greater or less than the rate 
of removal by the donor liver, there would be a rise or fall, respectively, in 
the measured blood ammonia. Should the two rates become equal, the blood 
ammonia would then reach a stable figure until the intracellular depots or the 
perfusing liver became exhausted. 

It is interesting that De Riemer and associates’ found a similar rebound of 
ammonia levels in meat intoxicated Eck fistula dogs given monosodium gluta- 
mate. There was a depression of the elevated ammonia values for the first 
60 to 90 minutes, but with continued infusion of the glutamate salt the values 
rose to and remained at the base line figures. 

The minimal quantity of bile produced and Bromsulphalein excreted by 
the donor liver during perfusion was probably the result of the method used 
to collect these materials. Originally, the gall bladder was cannulated after 
the choledochus had been ligated and divided, so that the bile produced would 
have a means of exit through the cannula in the gall bladder. However, re- 
peated examinations of the donor livers after perfusion demonstrated that the 
common and hepatic ducts and gall bladders were edematous and contained a 
considerable quantity of bile which failed to flow out via the collecting cannula. 
At present, we are ligating the eystie duct, removing the gall bladder, and 
cannulating the common duct to allow the bile produced to have a means of 
exit by gravity flow into a collecting flask. This change in technique has resulted 
in a marked increase in the amount of bile and Bromsulphalein collected. 

The efficacy of the donor liver to meet the afore-mentioned standards de- 
pended upon the length of time that the organ was anoxie; that is, as the period 
of anoxia inereased, the ability of the organ to be successfully perfused de- 
creased. From our studies, the length of time that the donor liver may be 
anoxie without evidence of poor function, as determined by the criteria listed 
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above, was 13 minutes. With an anoxic period of 7 to 9 minutes, however, t)). 
donor liver exhibited the maximum degree of function. In those experimen!s 
where the anoxie period was longer than 13 minutes, there was marked cloudy 
swelling of the hepatic parenchymal cells, as demonstrated by microscopic ex- 
amination. 

Of the 13 donor livers perfused, 9 appeared to undergo adequate perfusion. 
The other 4 organs had blood ammonia extractions below 70 per cent, bile pro- 
duction under 5 ¢.e., and Bromsulphalein excretion of less than 18 per cent 
of the total amount of dye injected. In these 4 livers, the periods of anoxia 
were prolonged beyond 13 minutes, or there was bleeding into the perfusion 
bath from superficial lacerations of the liver inflicted at the time of hepatectomy. 

At present, our group is investigating the possibility of using perfused 
heterologous livers as a means of reducing the elevated blood ammonia levels 
in experimental animals. 


SUMMARY AND CONCLUSIONS 


1. Isolated homologous canine livers were successfully perfused with arterial 
blood using gravity flow. 

2. Livers so perfused are capable of producing bile, excreting Bromsulpha- 
lein, and extracting a constant percentage of ammonia from the circulating blood 
until termination of the experiments. 

3. Normal animals given ammonia chloride intravenously (Group I), clear 
the blood of excess ammonia more rapidly than do the Eck fistula animals 
with or without a donor liver. 

4. Eek fistula animals given ammonium chloride (Groups II and III) are 
able to clear excess ammonia from the blood in a much shorter time when a 
donor liver is used than when it is not. 

5. During perfusion, the elevated ammonia levels in the force-fed Hek 
fistula animals (Group IV) fall more slowly to base line than do the levels 
in the Eck fistula animals given ammonium chloride intravenously (Group III). 

6. Eck fistula animals developing an elevated blood ammonia spontaneously 
(Group V) exhibit during perfusion a definite but usually temporary fall in 
arterial ammonia levels. 

7. All the Eek fistula animals, having an elevated ammonia level over a 
prolonged period of time, demonstrate a delay between the presence of a normal 
blood ammonia and the appearance of a normal clinical state. 


We wish to express our appreciation for the technical assistance of Mrs. Jean Sclimitz, 
Mrs. Joan Herdman, and Mr. James Dunn. 
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Editorial 


CONDUCTED By I. S. RavpIn, M.D. 


Some Elements of Error in Experimental Surgery 


In the medical literature based fundamentally on experimental data, and 
especially in publications of recent years during which a real passion for cardio- 
vascular surgery has developed, reference is made with extraordinary frequency 
to deaths of the animals used in the experiments due to causes partially or 
totally strange to the procedure performed. These causes are varied—pyothorax, 
pneumonia, distemper, hepatitis, heart worms, and so forth—and very often the 
experimenter reports deaths due to ‘‘unknown ecauses’’ that may or may not be 
related to the experiment. 

Let us consider those factors that may interfere with a satisfactory control 
of this type of experimentation by adding elements of error which are very 
commonly overlooked. 

First, in order to obtain uniform and consistent results in experimental 
research, it is only logical to use animals in as uniform a state of health as 
possible. Let us imagine a series of hypothermia experiments is performed on 
dogs that suffer from undiagnosed distemper. It would not be unusual if they 
should die of pneumonia. Dogs that have heart worms will be more prone to 
develop ventricular fibrillation. But, if a group of healthy dogs subjected to 
hypothermia die of pneumonia, this may mean that hypothermia lowers the 
organie defenses and that something must be done to prevent it; or, if dogs 
with healthy myocardium develop ventricular fibrillation at a certain tempera- 
ture, it will mean that such a degree of hypothermia favors the presentation of 
ventricular fibrillation. 

At the research laboratory of Dr. Claude S. Beck in Cleveland, where 
several thousand dogs have been used for the study of the surgical treatment 
of coronary disease, there was a period of time during which the operative 
mortality rose despite the fact that the operations were performed exactly the 
same way. It was found that the dogs suffered from hepatitis. It was neces- 
sary to stop the work and vaccinate the new dogs—which has been done routinely 
sinee then—and the mortality rate dropped to the previous figures. 

Experimental animals should be subjected to observation, treatment, vac- 
cination, and adequate feeding, prior to being used for experiments. 
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From a practical standpoint, 100 per cent of the pound dogs must be con- 
sidered infested by intestinal worms and fleas. If the infestations are pro- 
nouneed, the animals are apt to be anemic, and even if their general appearance 
is not bad these animals are not good subjects for experimentation. 

In order to avoid the factor of error represented by the animal’s health 
condition, it is necessary to isolate the newly acquired animals from those al- 
ready housed in the laboratory, for a reasonable period of time during which 
they should be observed (preferably by a veterinarian), treated and/or vacci- 
nated, and properly fed. They should be handled by trained personnel.* 

Second, let us consider the general surgical technique. The fact of living 
in the era of antibiotics has resulted in a relaxation of the surgical discipline 
among surgeons of the present generation. The results have begun to show up 
with the increasing frequency of surgical infections by bacteria resistant to 
the antibiotics. These have had to be made of a wider ‘‘spectrum’’ in order to 
be effective. 


In the fascinating subject of extracorporeal circulation that has materialized 
the surgeon’s dreams of working within the cavities of the heart, not only blood- 
less but quiescent, the physiologic conditions of the individual are so much 
modified that an enormous number of his biologie processes are changed. Some 
of these changes are already known; about others there is still controversy, but 
still others—and they are not few—remain obscure. For this reason, in experi- 
ments of this kind, the observance of a meticulous surgical technique is essential. 

Granted that when one is trying to perform an acute experiment, the result 
of which demands the sacrifice of the animal at the end of the proceedure, a non- 
sterile technique is permissible. But if the results of the experiment are to be 
evaluated under the light of, first, the death or survival of the animal, seeond, 
the changes on its biologie processes, and, third, the resulting pathology in its 
organs, one must try to avoid by all possible means strange mechanisms being 
added to the experiment proper. Infections are foremost of the common factors 
that may spoil an otherwise well-conducted research. Whenever he wishes to 
have the experimental animal survive, the conscientious investigator must follow 
the general surgical principles especially those pertaining to asepsis. 

Finally, in regard to postoperative care, present-day surgery could never 
have become the marvelous reality we are witnessing, should it have limited 
its progress to the technique alone. For this reason it is imperative that the 
postoperative period be followed closely and that the animals be kept near the 
laboratory at adequate environmental temperature and humidity, observed at 
regular intervals for possible complications, treated in case these should occur, 
and inexeusably examined postmortem should they die. All the value of the 
experiment, all the time and effort of the personnel, all the material used, and 
all the money represented may have been wasted if this is not done. Again the 


*Pamphlets containing instructions relative to the appropriate care and housing of the 
ten en a be obtained free, from the Animal Welfare Institute, 22 East 17th 
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need for proper housing of the animals and for trained personnel who mu:' 
dedicate enough time to the care of them and who must have available means ;) 
eare for the animals properly are essential. 

It may be argued that all this is expensive. Yes, progress is expensive hut 


necessary, and in the final analysis it is cheaper to do a thing right once than io 
do many things wrong many times. 


—J. J. Pérez-Alvarez 
Instituto Nacional de Cardiologia 
Mexico City, Mexico 


Appraisal of Progress in Surgical Therapy 


CONDUCTED BY WARREN H. Co.ez, M.D. 


TREATMENT OF SQUAMOUS CELL CARCINOMA OF THE TONGUE 


Harry W. Soutuwick, M.D., Joun W. Orren, M.D., AND DANELYy P. 
SLAUGHTER, M.D., CuicaGo, IL. 


(From the Department of Surgery, University of Illinois College of Medicine) 


OMEWHAT over a decade has now elapsed since the surgical treatment of 
cancer of the tongue assumed a pre-eminent position in the over-all manage- 
ment of this disease. Ever since the natural history of squamous cell ecarci- 
noma was recognized and appreciated, it has been known that 85 per cent or 
more of the patients with this disease died with their tumor confined to that area 
above the clavicles. As such, the tumor and its metastases presented a unique 
challenge for the principle of block dissection of the lesion. Kocher, in the nine- 
teenth century, suggested the advisability of a lymph node dissection, though 
the operation was not systematized until the work of George Crile, Sr. Both 
men ventured into the en bloe technique but the morbidity and mortality were 
prohibitive in the absence of antibiotics, inadequate pre- and postoperative 
care, and transfusions during surgery. At this same time, the radiation tech- 
niques were rapidly being developed and, as they improved, salvage rates 
approaching 25 per cent were reported. This was sufficiently encouraging to 
relegate the surgical treatment into temporary obscurity. 

However, continued improvement in radiotherapy statistics as the years 
progressed failed to materialize. This was largely due to the fact that, while 
irradiation could sterilize a fair percentage of the primary tumors, its effective- 
ness in cervical metastatic disease, except in those fortuitous circumstances 
where the metastatic disease was solitary, was disappointing. A reappraisal of 
management of tongue cancer was in order; since irradiation had reached an 
impasse, avenues of surgical approach were again explored. 

The validity of block excision was already proving meritorious in the 
treatment of breast, colon, and other epithelial cancers where a high percent- 
age of vascular spread was an additional problem. Its application to the head 
and neck area where such spread was uncommon, as had been discovered many 
years before, seemed justified in the light of multiple contributions to the field 
of medicine which might reduce the mortality originally encountered. 

Discovery of antibiotics allowed the opportunity of approaching the con- 
taminated oral cavity and neck simultaneosly without undue concern of massive 
infection. The availability of whole blood made possible adequate replacement 
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therapy at the time of surgery. Anesthesiology had progressed in understan|- 
ing and resourcefulness to the point where an elderly patient could be main- 
tained safely under anesthesia for many hours. Finally, appreciation of thio 
full significance of the preoperative debilitated physiologic state as well as the 
ability to correct this temporarily and to maintain homeostasis postoperative! 
encouraged an aggressive, carefully planned surgical approach. 


TECHNIQUES OF SURGICAL MANAGEMENT 


With the background thus established, certain principles of the surgical 
management of carcinoma of the tongue have evolved. The treatment of any 
specific lesion is predicated on its location and extent as well as on the clinical 
presence or absence of metastatic disease. 

Confronted with a tumor of the anterior third of the tongue without elini- 
cal evidence of spread, the surgeon generally elects to perform a partial glos- 
sectomy. If disease is present in the neck, a dissection of the area should be 
performed after the primary tumor has been removed. When an en bloe pro- 
cedure is technically reasonable, of course, this is the operation of choice, though 
for tumors of the tip of the tongue this is not commonly possible. 

A more frequent location for tongue cancer is along the lateral border. 
Here again, if the tumor is small and superficial, a partial glosseetomy is con- 
sidered reasonable in the absence of clinical evidence of disease in the neck. 
Tumor in the neck, however, necessitates one of the block procedures in order 
to offer a reasonable chance for control. 

Disease at the base of the tongue presents a situation which is least adapt- 
able to surgical treatment. This is particularly true when the tumor extends 
across the midline. In this situation some form of radiation will give as good 
or better a prognosis while certainly affording a better functional result. 
Metastatic disease in the neck should be treated surgically as soon as there is 
the reasonable assumption that the primary tumor is controlled, usually within 
6 weeks of the conelusion of the radiation treatment. 

Many authors have described in detail the different techniques of en bloc 
dissection.® * % 14 These will not. be detailed here. Suffice it to say that, when 
the primary tumor by its position or extent makes opening the neck necessary 
for control, one of the combined procedures is indicated whether or not there 
is clinical evidence of metastatic disease. 

When deciding whether or not to remove the mandible, consideration must 
be given not only to the position of the tumor but to the functional postopera- 
tive result as well. If the tumor actually involves the mandible or is immedi- 
ately adjacent to it, the bone is condemned and must be removed. We consider 
one centimeter of grossly normal tissue between bone and tumor to be a mini- 
mum. Occasionally, there may be an adequate margin of grossly normal tissue 
but the lesion may be so bulky that better functional result ean be obtained 
with the suturing of the cut margin of the tongue to a mobile cheek flap rather 
than to the gingiva over the rigid mandible. The less satisfactory cosmetic 
appearance in these instances is quite justified by eliminating the functional 
disability associated with fixation of the tongue. 
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Radiation failures afford an additional indication for a composite surgical 
management. Here the original modality can no longer be employed without 
creating a hopelessly irreparable situation. As a matter of fact, the first pa- 
tients to whom the principle of excision and dissection incontinuity was applied 
were just such patients. The occasional salvage here with otherwise untreat- 
able problems encouraged the application of a surgical approach as the primary 
treatment. 

Mention should be made of the technique of block dissection where it is 
possible to preserve the mandible. Ward and Robben” as well as the authors’® 
have described an operative procedure whereby the lingual periosteum is re- 
moved in continuity with the intraoral disease and the neck dissection speci- 
men. Kremen? has outlined a modification of this procedure whereby the 
mandible is divided in the midline to facilitate removal of the tumor, and it 
is subsequently wired back together. It must be emphasized, however, that 
these exteriorization operations are applicable only in specific instances where 
there is no question of mandibular involvement. The sentimental attraction 
for the mandibular arch is insufficient justification for its preservation when it 
means the accomplishment of an inadequate operative procedure. 


RESULTS WITH IRRADIATION 


Utilization of irradiation in the treatment in carcinoma of the tongue has 
produced a small increment of improvement in the total experience survival 
statistics in more recent years. This is largely the result of improved tech- 
niques for treatment of the primary lesions with low-intensity radium needles. 
The patient who develops evidence of metastatic disease in the neck still has 
a meager chance of survival when treated by this modality alone (Table I). 


TABLE I. RADIATION TREATMENT OF TONGUE CANCER 


NODES NEGATIVE NODES POSITIVE TOTAL EXPEKIENCE 
5-YEAR 5-YEAR 5-YEAR 
SURVIVAL SURVIVAL SURVIVAL 
AUTHOR PATIENTS | (PERCENT) | PATIENTS | (PERCENT) | PATIENTS | (PER CENT) 
Wilson and 
Brizzolara 
(1952) 21 57 23 4 50 28 
Elkins (1952) 39 43.6 59 a3 98 24.5 
Martin, C. L. 
(1954) 56 17.8 94 31.9 


The figures presented by Wilson and Brizzolara’® illustrate this point. 
While in 21 determinate cases with no clinical evidence of metastasis, the 5- 
year survival free of disease was 57 per cent. In the 23 cases where the nodes 
were positive, only 4 per cent survived 5 years. The work of Martin’ might 
scem to contradict this to a certain extent, for he reports 17.8 per cent 5-year 
survival with nodes positive. Such positive nodes, however, were not always 
confirmed microscopically and many may have been associated with inflamma- 
tory lymphadenopathy. 
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The work of Elkins,’ we feel, is particularly pertinent in this regard. Hi 
series is divided into three 5-year groups. Since it became obvious that me! 
astatic disease was poorly controlled by radiotherapy, a combination «/ 
management has been evoived whereby the primary tumor is treated wit), 
radiation and the metastatic disease by radical neck dissection. It would seei) 
that there will be many instances, particularly with lesions at the base of the 
tongue, in which this management will be the optimal one. 


RESULTS WITH SURGICAL MANAGEMENT 


Evaluation of the surgical treatment of carcinoma of the tongue cannot 
be supported by the large series of cases found in the radiation literature since 
its utilization as the sole form of treatment is of relatively recent application. 
The trends that are appearing, however, are such as to foster a much more 
encouraging outlook for patients with this disease so treated. 

The work of Lyall and Schetlin* reported in 1952 was concerned with 76 
cases of carcinoma of the tongue. With surgical management, the over-all 5- 
year survival free of disease was 38.1 per cent. 


TABLE II. SurGicAL TREATMENT OF TONGUE CANCER 


NODES NEGATIVE NODES POSITIVE | TOTAL EXPERIENCE 
5-YEAR 5-YEAR 5-YEAR 
SURVIVAL SURVIVAL SURVIVAL 
AUTHOR PATIENTS (PER CENT) PATIENTS (PER CENT) PATIENTS (PER CENT ) 
Lyall and 
Schetlin 
(1952) 76 38 
Kremen 12 91 a) 36 23 65 


Even more encouraging is a report by Arnold Kremen.’ He is now in 
a position to evaluate 23 patients with carcinoma of the tongue whom he has 
treated by his modified exteriorization technique. Of the 12 patients with 
microscopically negative nodes, 11 (91 per cent) have survived 5 years free of 
disease. In those 11 of 23 patients who had metastases to the neck, 36 per cent 
were living free of disease 5 years later. Perzik’ recently reported 37 per cent 
survival free of disease in a similar group in which an elective composite 
operation had been performed. 

The above results suggest a major step in our attempt to control a disease 
process which heretofore carried a discouraging prognosis. Further investiga- 
tion of the statistics points to the possible necessity for additional revision in 
our plan of management of patients with carcinoma of the tongue. 

As was brought out earlier, prophylatie or elective neck dissection (when 
the neck is clinically negative) is not generally employed at present unless the 
neck must be entered to treat the primary disease. This thesis is based upon 
the work of Martin and his colleagues on the Head and Neck Service at Me- 
morial Hospital in New York. 

One of Martin’s most convincing arguments has been that 11 per cent of 
his patients developed primary contralateral metastases. This figure has not 
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been confirmed by others and review of our own material reveals an incidence 
of such metastatic manifestations in less than 1 per cent of the patients. 


While admittedly the elective neck dissection would be without benefit in 
those patients who primary disease was not controlled, it would appear to be 
quite worthy of consideration in those patients in whom the chance of primary 
control was reasonably good. 

The accuracy of determining clinical node involvement has been found to 
be notoriously poor as more elective neck dissections are performed. Lyall and 
Shelton found 60 per cent positive nodes in clinically negative necks while 
Kremen found 43 per cent similarly positive. The improved prognosis re- 
ported by Kremen belies the statement that comparable results can be obtained 
when so-called therapeutic neck dissections are performed. The principle of 
elective neck dissection is widely aecepted for papillary carcinoma of the 
thyroid and for malignant melanoma where the incidence of error in clinical 
evaluation is no greater and the incidence of vascular invasion much higher. 
Application to a disease process that spreads almost exeusively by the lym- 
phatie channels would seem to be worthy of serious consideration. 


REASONS FOR FAILURE OF SURGICAL TREATMENT 


By any method of treatment employed today, not all patients with carei- 
noma of the tongue can be salvaged. Certain patients will present themselves 
for examination with disease so advanced as to make any treatment impracti- 
cal. Likewise, certain undifferentiated lesions manifest a biologie behavior 
that outruns the most aggressive management. 

In addition, in the oral cavity, there is considerable evidence that the 
process of tumor development is not one of extension from a single primary 
focus. Recurrence, when it occurs, may not be the result of an inadequate 
original excision. In reviewing the records of 783 patients with oral cancer, 
we found an incidence of grossly independent primary tumors in 11.2 per cent 
of the patients.1! This is almost three times the incidence of intraoral earci- 
noma in the population at large. This ‘‘field cancerization’’ makes the prob- 
lem of intraoral cancer a particularly troublesome one. To emphasize the 
importance of this concept in relationship of failure to eure, Wood" estimated 
that one-third of their treatment failures were attributable to this change. 


The importance of implantation of malignant cells at the time of surgery 
has not been appreciated fully until recently. Cole and one of us (HWS)™ 
found that local implantation was the probable cause in 11 per cent of the pa- 
tients who developed recurrent disease following resection of the colon for 
cancer. Wound washings or smears of the field were studied not only in that 
series but also by Smith and his associates.’2 In Smith’s series, washings from 
the wounds of 101 major cancer operations revealed identifiable tumor cells 
in 34 per cent and ‘‘suspicious’”’ cells in 18 per cent of the eases. The im- 
portance of this is emphasized by the fact that there were 16 recurrences in 
the 34 eases with positive washings, while there were only 9 recurrences in 49 
cases with negative washings. 
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It should therefore be encouraged that, as an adjunct to the adequat 
surgical procedure meticulously performed, every precaution be taken {: 
prevent desquamation of viable cells into the operative field. The surface « 
the ulcerating lesion should be thoroughly cauterized before undertaking ij, 
removal and the entire operative field carefully irrigated at its conclusion. 


SUMMARY 


1. In the treatment of cancer of the tongue, the primary tumor ean |e 
controlled essentially with equal effectiveness by surgery or by irradiation; 
for lesions at the base of the tongue irradiation is probably superior. 

2. Radical neck dissection is the treatment of choice for metastatic disease. 

3. Clinical evaluation of the neck for the presence of metastatic disease 
fails to detect its presence in at least 40 per cent of the patients. 

4. Results are sufficiently improved when neck dissections are performed 
routinely as part of an en bloc procedure that serious consideration again should 
be given to elective neck dissection in conjunction with the primary treatment of 
carcinoma of the tongue. 
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THE VALUE OF EXTRASEROUS DRAINAGE IN SUBPHRENIC 
ABSCESSES 


ALTON OcHsNER, M.D., New ORLEANS, La. 


LL intraperitoneal residual infections, including subphrenie abscess, al- 

though previously common after contamination of the peritoneal cavity, oc- 

cur much less frequently at the present than before the advent of antibiotics. 

However, when intraperitoneal infection does oceur, it usually runs a much 

more bizarre course and there is frequently difficulty in making a diagnosis 
because of the masking of the symptoms as a result of antibiotie therapy. 

Subphrenie abscesses, probably more than other abscesses developing from 
intraperitoneal residual infection, have always been difficult to diagnose 
because of the relatively inaccessible position of the abscesses. A nonsuppurative 
subphrenie infection and early abscess were not diagnosed unless the clinician 
was cognizant of the possible development of the infection and actually looked 
for it. As mentioned, the diagnosis is even more difficult today than before 
because of the bizarre manifestations resulting from the attenuation of the 
microorganisms by antibioties. 

Once a diagnosis of subphrenie abscess is established, external drainage is 
imperative as in all true abscesses. Although the need for draining an intra- 
abdominal abscess in such a way as not to contaminate uninvolved serous cavities 
is not as great presently as it was previously, it is still desirable not to have 
to rely entirely upon antibiotic therapy to prevent infection of a serous membrane 
if contamination occurs as a result of drainage of the abscess. It is because micro- 
organisms have become more or less resistant to antibioties that one should still 
institute drainage of subphrenie abscess or any other intra-abdominal abscess in 
such a way that an uninvolved serous membrane is not contaminated. It is for 
this reason that we advise the retroperitoneal operation, which drains satisfacto- 
rily both suprahepatie and infrahepatie subphrenie abscesses without contamina- 
tion either of an uninvolved portion of the peritoneal cavity or of the pleural 
cavity. There are some persons who contend that the method of drainage of the 
subphrenie abscess is immaterial but that the time of drainage is more important. 
Whereas delay in drainage of a subphrenie abscess is certainly to be deplored, 
I cannot agree with the contention that it is immaterial whether an uninvolved 
portion of the peritoneal cavity or of the pleural cavity is contaminated.  A\l- 
though theoretically such contamination will not progress to an infection of the 
serous eavity because of protection with antibiotics, the fact remains that 
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microorganisms present within the abscess may have become resistant to ant) 
bioties and are actually more virulent than if antibiotics had never been usec 
Were there any advantage to be obtained in not using an approach in such a wa. 
as to prevent contamination of an uninvolved serous membrane as is accom 
plished in the retroperitoneal operation or the extraperitoneal operation for 
abscesses in the right anterior superior space, one might argue it could he 
advantageous not to use it. On the contrary, there is no advantage in the use 
of an incision which traverses a virgin serous cavity, and there are many 
disadvantages of such a procedure. 

In conclusion, it is my conviction that subphrenic abscess is still a 
surgical condition which is difficult to diagnose, in fact, more difficult to diagnose 
than previously; but when the diagnosis is made, external drainage should be 
instituted as early as possible by a method in which there is no contamination 
of an uninvolved serous membrane. That subphrenie abscess is still a 
dangerous condition is illustrated by the experience of Fraser,’ who, in a 
personal series of 30 cases, had 5 deaths (16.7 per cent mortality). Of the 5 
deaths, 4 were the result of delay in surgery. Of 25 eases in which drainage was 
instituted, there were 3 deaths (12 per cent mortality). 
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STRICTURES OF THE COMMON DUCT 


WarREN H. Cote, M.D., Cuicaaco, 
(From the Department of Surgery, University of Illinois, College of Medicine) 


LTHOUGH moderate progress has been made in the treatment of strictures 

of the common duct during the past several years, this complication of 

biliary tract surgery is still associated with many failures in results. This 

presentation will be limited primarily to a discussion of operative therapy, but 

indications for operation will be discussed briefly since results are so dependent 
upon this phase of therapy. 


INDICATIONS FOR OPERATION 


Obviously, if the operative trauma to the common duct, which is the cause 
of strictures in fully 75 per cent of cases,” is recognized at the time of injury 
during the initial operation, the repair should be carried out at that time; if 
sd, results will be very good. If the damage is not recognized at the time of 
the initial operation (usually cholecystectomy) but evidence of interruption of 
normal biliary flow into the duodenum is manifested 2 or 3 days after operation, 
as is so often the case, immediate operation will be indicated. When the ob- 
struction develops insidiously, any significant evidence of common duct ob- 
struction will be indication for operation. 
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When one repair for a stricture has already been carried out and an 
oceasional attack of pain in the epigastrium or right upper quadrant with jaun- 
dice and a chill develop, there will often be doubt as to the need for operation 
beeause such attacks occasionally disappear, and a good result follows; how- 
ever, such attacks usually recur. In this situation, I have become convinced 
that the status of liver function is of prime importance in determining whether 
or not operation is indicated. If hepatomegaly becomes prominent and the 
liver function tests, particularly the BSP, alkaline phosphatase test, and al- 
bumin globulin ratio, reveal hepatie insufficiency, operation is usually indicated. 
We have reached this decision because when hepatic fibrosis with serious in- 
sufficiency and perhaps portal hypertension develop, the liver damage may 
become irreversible. Under such cireumstanees the patient may die in spite of 
a suecessful repair delayed too long. We have had 3 such cases in our series. 


TECHNIQUE 


All surgeons agree that if the 2 ends of the common duet are available and 
can be approximated without undue tension, an end-to-end anastomosis should 
be done. If the distal end of the common duct cannot be found, several methods 
of correcting the stricture are available. The anastomosis of a Roux-Y arm of 
the jejunum to the proximal duct is perhaps utilized by the majority of surgeons. 
Other methods are anastomosis of the proximal duct to the duodenum (Walters) * 
and the use of a loop of jejunum (Cattell).' 


Dissection of the Ducts.—Adhesions are very extensive, and usually so 
dense in the right upper quadrant that sharp dissection is required to expose 
the ductal area. When using the knife for this dissection, it is important to ap- 
proach the hilar duct from the laterosuperior side because there is less possi- 
bility of damaging important structures when approaching the duct from this 
direction. It is important to get enough of the duct isolated to perform a good 
anastomosis. However, no more than the amount required for anastomosis 
should be mobilized (of either end), lest the vascular supply be damaged so much 
that healing would be jeopardized. If no duct is protruding beyond the liver, 
it must be found and then mobilized. Puncture of this area with a needle at- 
tached to a syringe is most valuable in identification of the duct and the vital 
struetures (hepatic artery and portal vein) around it. When the duct is buried 
in the liver parenchyma hut found with a needle, dissection is hazardous but 
ean be carried out safely if proposed lines of dissection are identified as safe 
by needle aspiration. When a large vessel is found in a certain area, the sur- 
geon should try another area surrounding the point where bile was obtained 
to dissect out the stump. If this duct is buried, it is actually necessary to cut 
out segments of the hypertrophied liver, so that the duct can be isolated and 
the bowel brought up to it for anastomosis. This is an extremely important 
phase of the operation, since anastomosis of the end of the duct or a segment 
of bowel to the liver overlying the opening in the duet, without mucosa-to-mucosa 
approximation, is usually followed by a recurrence. 


End-to-End Anastomosis.—As stated previously, if both ends of the duct 
ave found and they can be brought together without tension, an end-to-end 
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anastomosis should be performed. Frayed ends with doubtful blood supp 

must be excised; in fact, if there is doubt about the presence of mucosa, 

frozen section may be indicated and be helpful, since anastomosis with se: 

at the end of the duct will usually result in recurrence of the stricture. In this 
end-to-end anastomosis we have utilized interrupted 5-0 silk. Care is taken noi 
to include the entire thickness of the wall with the suture in the hope that the 
irritating effect of the suture in the lumen which might encourage development 
of infection or stone formation may be avoided. It is agreed by most, if not ali, 
surgeons that the suture line in an end-to-end anastomosis needs the support 
of some type of prosthesis. For this purpose most surgeons, including myself, 


Fig. 1—Repair of stricture by anastomosing the hilar duct to the end of a Roux-Y arm 
of jejunum when the distal end of the duct cannot be found. A, Interrupted mattress sutures 
of fine silk are taken through the common duct and jejunum as illustrated. B, Appearance of 
the suture line after all sutures are tied. The hilar duct is not always as large as shown. 
When it is smaller a smooth junction will not be achieved so readily. (From Cole, W. H., 
Ireneus, C., Jr., and Reynolds, J. T.: Ann. Surg. 142: 537, 1955.) 


favor use of an ordinary T tube, with one of the longitudinal arms inserted past 
the suture line and the vertieal end of the tube brought out of the duct either 
proximal or distal (usually the latter) to the suture line. If the tube is brought 
out through the suture line, recurrence of the stricture will usually follow. We 
do not favor a double row of sutures in the end-to-end anastomosis since a water- 
tight closure ean be achieved with one layer of sutures and there is no need for 
extra precautions, as in intestinal anastomosis. A minimum number of sutures 
are advised in the end-to-end anastomosis to avoid foreign body and inflamma- 
tory reaction. The opening around the vertical end of the T tube should be 
closed with 3-0 or 4-0 catgut to allow removal of the tube later. Opinions 
differ somewhat as to how long the T-tube prosthesis should be left in place 
but most surgeons, including myself, favor leaving it in place 9 to 12 months 
after an end-to-end anastomosis. 
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Roux-Y Anastomosis.—I* favor a Roux-Y type of anastomosis between the 
duet and intestine (Fig. 1). After the proximal duct is isolated, a Roux-Y 
arm of jejunum is created by severing the jejunum about 15 inches from the 
ligament of Treitz. The proximal end of the jejunum is then anastomosed into 
the side of the distal arm about 16 inches from the cut end. In this anastomosis 
we use interrupted 4-0 and 5-0 silk for the outside layer, continuous 3-0 catgut 
for the posterior inside suture, and interrupted 3-0 catgut for the anterior 
inside suture. In anastomosing the proximal duct to the end of the jejunum, 
we have utilized interrupted 5-0 silk sutures, taking care not to insert the needle 
through the entire thickness of the jejunum or common duct. This avoids the 
presence of a foreign body in the lumen of the duct which would encourage in- 
fection and perhaps formation of stones. Actually, one suture line is adequate 
for this anastomosis but reinforcing sutures must be taken between the liver and 
jejunal arm to obtain a watertight suture line, preventing or minimizing leakage 
of bile. 


Fig. 2.—This reveals the type of anastomosis and prosthesis we use when the hilar 
duct Is small, infiamed, and short or buried in the liver. At times the end of the tube 
should be split to allow the tube to be inserted past the suture line; to maintain support the 
prosthesis obviously must extend past the suture line. In such circumstances we leave the tube 
in place from 9 to 12 months. (From Cole, W. H.: Operative Technic, 1955. Courtesy of 
Appleton-Century-Crofts, Inec., New York.) 


There is no agreement as to what type of prosthesis (if any) should be 
used to support the suture line between the duct and intestine and no agree- 
ment as to how long it should be left in place. I use no prosthesis when the 
hilar duet is large with thin walls and comparatively free from inflammation. 
If in doubt, we oceasionally insert the prosthesis temporarily and remove it 
10 to 16 days after operation. When the duct is small with thick walls and 
obviously the seat of considerable acute inflammation, we insert a prosthesis 
and leave it in place for 9 to 12 months. At the present time, we are using a 
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T tube as the prosthesis, inserting it through a small opening in the jejunu: 
about one inch from the anastomotic line, with one longitudinal arm extendin 
past the suture line (Fig. 2). When the initial operative trauma has extende 
past the junction of the 2 intrahepatic ducts so that the right and left ducts ar 
found as 2 separate openings, we use a T tube with a bifid arm, inserting an ari) 
of the bifid ends into each duct, carrying out the anastomosis between the jeju- 
num and 2 ducts in such a way as to obtain as much mucosa-to-mucosa approxi- 
mation as possible. The opening in the jejunum through which the vertical arin 
of the T tube is brought to the exterior must be closed tightly with fine inter- 
rupted catgut to prevent leakage of bile and jejunal secretions. 


Regardless as to how perfect the suture line between the duct and jejunum 
appears to be, 2 Penrose drains should be inserted through the wound into the 
peritoneal cavity, one on each side of the suture line to allow drainage of bile 
which might eseape between the sutures. In closure of the abdomen, regard- 
less of the type of repair carried out, it is important to make certain the suture 
line in the peritoneum and fascia is not too tight to allow drainage of bile 
along the drains. 


Anastomosis Between the Hilar Duct and Loop of Jejunum.—When an 
end-to-end anastomosis between the 2 ends of the common duct is not possible 
or feasible, Cattell’ favors anastomosis of the hilar duct to a loop of jejunum, 
which is brought up to the hilar duct anterior to the colon and defunctionalized 
by jejunojejunostomy. If the proximal duct is large, he uses no prosthesis. 
When the ‘‘traumatie’’ division of the duct occurs at the bifureation, Cattell 
often uses ‘‘a Y tube of 20 per cent impregnated barium in rubber,’’ with the 
understanding that it will have to be removed later. 


Anastomosis Between the Hilar Duct and Duodenum.—When an end-to-end 
anastomosis between the 2 ends of the duct is not possible, Walters® favors 
anastomosis of the hilar duct to the duodenum. 


Procedure When Intrahepatic Ducts Cannot Be Found.—On 5 oceasions, 
dealing with about 130 cases of common duct stricture, we have been unable 
to find any intrahepatic ducts at operation. Under such circumstances we 
have found the intrahepatic cholangiojejunostomy procedure of Longmire* * 
very useful. Although we had good results in only 2 of the 5, all of these 
5 eases would have had to be considered hopeless without it. 
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Surgical History 


CONDUCTED BY JOHN R, Paine, M.D. 


THE CITRATE METHOD OF BLOOD TRANSFUSION IN RETROSPECT 


Ricuarp LEwIsoHN, M.D., New York, N. Y. 


VER 40 years have elapsed since I first suggested the use of sodium citrate 

as an anticoagulant in the transfer of blood from donor to recipient. As 
long ago as 1869 the famous British obstetrician Braxton-Hicks used sodium 
phosphate on patients requiring blood transfusions. However, a number of 
fatalities forced him to abandon tests in this direction. Other anticoagulants 
(among them hirudin, sodium oxalate, peptone) were found in animal experi- 
ments to be too toxie for use in patients. 

Sodium citrate had been used extensively as an anticoagulant in blood col- 
lected for laboratory study. A 1 per cent mixture was usually found adequate 
for this purpose. This 1 per cent mixture of sodium citrate and blood was con- 
sidered necessary to prevent coagulation. It was generally assumed that such 
a percentage (1 per cent) would be toxie when used intravenously in patients. 
The question of toxicity could be answered only by a eareful set of animal 
experiments. 

I shall confine myself to giving briefly the results published more than 40 
years ago in January, 1915. (1) The percentage of sodium citrate and blood 
required for the safe prevention of coagulation was found to be 0.2 per cent 
rather than 1 per cent. Such a mixture prevented coagulation of the blood out- 
tide the body for 2 to 3 days or longer. (2) It was found that 5 Gm. of sodium 
citrate could be introduced safely into an adult. (3) Paradoxically, the intro- 
duction of citrated blood causes a temporary shortening of the coagulation time 
of the recipient’s blood. 

I would like to point out how the whole applicability of sodium citrate in 
blood transfusion is based upon the development of the small dose (0.2 per cent). 

It is interesting that the late Professor Agote in Buenos Aires published 
identical results the same month (January, 1915). I have always maintained 
that when an idea is ripe, it oceurs to a number of people simultaneously. 

It seemed natural to assume that the technique of citrate transfusion would 
in no time replace all other methods because of its simple technique. While 
the competing different syringe methods numbering at least 300, most of them 
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driven by hand, some by electricity, required a well-trained team for thei: 
proper execution, the apparatus for a citrate transfusion was so simple that i! 
could be used by anybody without a special training. 

However, the sequence of events was very different. Twenty years afte: 
the publication of the citrate method, the syringe methods with all their draw 
backs continued to be very popular. According to the supporters of the syringe: 
methods, the mixture of the blood with an anticoagulant was thought to destroy 
the vitality of the red blood cells, the leukoeytes, and, last but not least, the 
blood platelets. This went on for about 20 years until Yudin (Moseow, 1933) 
and Fantus (Chicago, 1937) introduced the use of stored blood. Suddenly these 
antagonistic voices were silenced. A prerequisite for a blood bank is the mixture 
of the blood with an anticoagulant. Although modifications of the anticoagu- 
lant (ACD) have developed, sodium citrate still remains the solution which 
prevents coagulation. Throughout the civilized world, blood banks have been 
established so that blood is available for patients locally, in hospitals and homes, 
and may even be transported thousands of miles. 


For a while it appeared that chills following administration of citrated 
blood might be more frequent than after infusion of blood not mixed with this 
chemical. However, the late Dr. Nathan Rosenthal of our hospital showed 
that these chills were not due to any chemical but to pyrogens due to lack of 
care in cleaning all the instruments (glassware, cannulae, tubing, and so forth) 
used in the performance of a transfusion. By creating a special department 
for the immediate thorough cleaning of the instruments after their use, the 
incidence of posttransfusion chills at Mt. Sinai Hospital was reduced from 12 
to 1 per cent. An even more remarkable drop was noticed in Novgorod (Russia) 
where Satunov reported a reduction of posttransfusion chills from 53 per cent 
to 2 per cent following the introduction of the Mount Sinai technique in his 
institution. 

The sodium citrate solution can be sterilized and resterilized innumerable 
times without losing its efficiency. I have in my possession a bottle of citrate 
solution prepared for me in 1915 by a local drugstore. This solution is ab- 
solutely clear after over 40 years. An ampule containing 50 ¢.c. of citrate solu- 
tion prepared by Parke, Davis & Company in 1917 does not show the slightest 
sign of deterioration. 

When I introduced the sodium citrate transfusion technique, I pointed out 
very clearly that this drug cannot and should not be used indiseriminately. In 
discussing the toxicity of this drug I stated (Ann. Surg., November, 1916): 
**For obvious reasons it is impossible to exactly fix the tolerance of the human 
body toward sodium citrate. I think, however, we can safely state that we can 
introduce 5 Gm. of sodium citrate into an adult without any risk of a toxic 
effect. The 0.2 per cent dose therefore allows us to transfuse as much as 2,500 
c.c. of blood at a time, and that is more than anybody ever wants to take from 
a donor or introduce into the recipient.’’ 

Naturally the limit of toxicity of sodium citrate, when given intravenously, 
varies markedly with the rate of injection, as larger doses may be given when 
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the blood is injected slowly. However, even after an acute loss of blood it is 
safer to replace the blood volume gradually than overload the heart action by 
too rapid a replacement of blood. Even after an acute loss of blood it seems 
safer not to try to replace the blood within a few minutes, but to reduce the 
speed of injection after a few (500) eubie centimeters have been infused. | 
think one of the great advances in the technique of intravenous therapy is the 
introduction of drop infusion by Matas (1910), Friedemann (1913), and Mar- 
riott and Kikwieck (1935). 

When one gives very large citrate transfusions, it is advisable to inject 
intravenously 10 ¢.c. of a solution of 10 per cent calcium gluconate after each 
1,000 ¢.ec. of sodium citrated blood, in order to make available ealeium which is 
bound by the citrate. 


It does not require any apology that I did not foresee more than 40 
years ago that in 1957 surgery of the heart and shunting operations for eso- 
phageal varices would be performed more or less routinely and that they would 
require very large amounts of blood. I am still under the impression that even 
in these types of operations transfusions should be kept in reasonable limits and 
that some deaths following these prolonged heart and blocd vessel operations 
are due to sudden overtransfusions. 

Fresh heparinized blood is now used in eardiae surgery because of the toxic 
effect of the large amounts of citrate and the fact that large amounts of bank 
blood cannot replace the platelets lost from bleeding during the operation. In 
addition, the bleeding as a result of the heparin can be rapidly neutralized by 
the injection of protamine sulfate. There is still a great deal of improvement 
necessary in this field to make the procedure of heparin transfusion safe and 
without complications. 

It has been stated that sodium citrate transfusion has saved countless lives 
during the last 40 years both in war and in peace and that its extensive use is 
one of the factors which has made possible the recent advances in the medical 
and surgical treatment of disease. 


Case Reports 


SPONTANEOUS LATERAL VENTRAL HERNIA 
SPIGELIAN OR SEMILUNAR HERNIA 


Henry P. Lets, Jr., M.D., WavTerR L. MersHermer, M.D., anp 
JAMES M. WinFievp, M.D., New York, N. Y. 


(From the Department of Surgery, New York Medical College) 


N A review of world literature up to 1951, 157 cases of so-called Spigelian or 
semilunar hernias were collected and 4 more were added by the authors to 
bring the total number of recorded cases to 161.° 
Sinee then Wakeley and Childs® reported 4 cases, Larson’ 1 ease, and 
Koontz‘ 7 eases (only 3 of these 7 eases were proved by surgery). This brought 
the total number to 173. 
The present report concerns 2 eases of spontaneous lateral ventral hernia 
appearing above the inferior epigastric vessels one of which was clearly associ- 
ated with a vaseular hiatus. This then brings the total number of eases to 175. 
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Fig. 1.—Cross-section view of the anterior abdominal wall. (From Mersheimer, Winfield, and 
Ruggiero: A. M. A. Arch. Surg., July, 1951.) 


The semilunar line was first deseribed by Adrian Van Der Spigelius (1575- 
1625), and a hernia was first accurately located in this line by Klinklosch.* 

The hernial ring in a spontaneous lateral ventral hernia is located in or 
near the linea semilunaris at its junction with the semicireular fold of Douglas 
(Figs. 1 and 2). The position of this semicireular line is extremely variable as 
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shown by Zimmerman, Anson, Morgan, and MeVay"! and MeVay and Anson.’ 
Beeause of this, the hernia ring may be seen at different levels (Fig. 3). The 
peritoneal sae penetrates through a usually well-defined ring defect in the 


Fig. 2.—Hernial ring viewed from within the abdomen. 


- | | | x 


EXT. OBL. M. EXT. OBL. M. 


~ 
¢ 
~ 
\ 
\\ 
\ \ 
\ Rs 
\ 


A,8,C,0 VARIATIONS OF HEIGHT OF SEMICIRCULAR LINE 


Fig. 3.—Anterior-posterior view of the anterior abdominal wall. (Mersheimer, Winfield, and 
Ruggiero: A. M. A. Arch. Surg., July, 1951.) 


transversalis fascia, transversus abdominis, and internal oblique aponeurosis 
and usually becomes interstitial lying beneath the external oblique aponeurosis 
(Fig. 4). It oceasionally, however, penetrates the external oblique and lies 
subeutaneously. 
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Whether this hernia advances through a vascular hiatus, as suggested }, 

Sir Ashley Cooper in 1804 and supported by many observers’ since, or throug! 
a weakness at the junction of the linea semilunaris with the linea semicireulari. 


Fig. 4.—Peritoneal sac penetrating the transversalis fascia, transversus abdominis, and internal 
oblique aponeurosis. External oblique aponeurosis is retracted. 


SEMILUNAR LINE RECT. ABD. M. 


HESSELBACH'S TRIANGLE 


Fig. 5.—Anterior abdominal wall viewed from within the abdomen illustrating at i. 
hernia of the superior type and at JJ a hernia of the inferior type. (Mersheimer, Winfield, 
and Ruggiero: A. M. A. Arch. Surg., July, 1951.) 


as advanced by Watson’? and Iason,’ or through an anterolateral musculo- 
aponeurotie defect (a high incidence of such defects having been shown by 
Anson and MeVay‘), or whether there is a latent weakness in the anterolateral 
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abdominal muscles because of the almost parallel position of the fibers of the 
transversus abdominis and internal oblique muscles below the umbilicus is still 
a debatable subject. 


There are two types of Spigelian hernias: (1) those arising above the 
inferior epigastric vessels, and (2) those appearing below the inferior epigastric 
vessels (Fig. 5). The latter appear close to the pubis and differentiation from 
direct inguinal hernia preoperatively is impossible. Even operative differentia- 
tion of these entities, as attempted by Downs! and Mathews,’ is difficult. The 
Spigelian hernias arising below the inferior epigastric vessels appear through 
Hesselbach’s triangle between the margins of the reetus muscle and the con- 
joined tendon and are medial to the lateral umbilical ligament. 


Spigelian hernias occur about equally in men and women and are almost 
always unilateral. They are frequently interstitial and the sac is usually single 
and globular in shape. The most common location is at the junction of the 
medial and middle thirds of a line drawn from the anterior-superior iliae spine 
to the umbilicus. Omentum, small intestine, and large intestine are the con- 
tents most often found in the sae but frequently the sae is empty at operation. 
Ineareeration is common and strangulation is seen in about the same pereentage 
as in femoral hernias since the hernial ring in both is usually small with sharp 
margins. 


The first case was admitted to the hospital because of profuse vaginal 
bleeding. A right, reducible, asymptomatic, spontaneous lateral ventral hernia 
of the Spigelian type was found during the course of the abdominal examination. 
This was later proved by operation and found to be of the type arising above 
the inferior epigastric vessels. The hernial sae in this case did not seem to be 
associated with a vaseular hiatus. 


CASE REPORTS 


CASE 1.—N. B., a 53-year-old white woman, was admitted to the Flower and Fifth 
Avenue Hospitals on Aug. 16, 1951, because of profuse vaginal bleeding with the passage 
of large clots of 5 days’ duration. She gave a history of having had a laparotomy for a 
pelvic tumor in 1932 and of a similar episode of severe vaginal bleeding in June, 1950, 
lasting fifteen days. 

Physical examination was within normal limits except for the abdomen and _ pelvis. 
The abdomen was obese and showed a well-healed, subumbilical, midline sear. There was a 
reducible mass palpable in the region of the right anterior iliac spine. No definite orifice 
could be palpated. On pelvic examination, the vagina was filled with blood clots, and the 
uterus was enlarged, irregular, and somewhat tender. The adnexa were not definitely outlined. 


A preoperative diagnosis of uterine hemorrhage, secondary to multiple fibroids of the 
uterus and a spontaneous lateral ventral hernia of the Spigelian type was made. 


The patient was given 1,000 ¢.c. of whole blood, and temporary control of the uterine 
hemorrhage was obtained by vaginal packing. However, bleeding recurred and, on Aug. 18, 
1951, the patient was prepared and taken to the operating room. 


A right paramedian exploratory incision was made. The uterus was small and con- 
tained multiple fibroids. A tumor mass was found in the left adnexal region which was 
adherent to the sigmoid colon. The sigmoid was carefully freed from the mass and a 
Supravaginal hysterectomy with bilateral salpingo-oophorectomy performed. The cervical 
stump was suspended and reperitonealized. 
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Exploration of the abdominal wall showed a hernial orifice which emerged just laters’ 
to the rectus sheath at the level of the right anterior superior spine of the ilium and ws: 
above the inferior epigastric vessels. There was no inguinal hernia. This was definitely 
spontaneous lateral ventral hernia of the superior type. The sac was empty at the time of 
operation. The external oblique aponeurosis was exposed and opened lateral to the rectus 
sheath to demonstrate the hernia sac as it penetrated the transversus and internal oblique 
muscles. The sac was seen to extend laterally beneath the external oblique and presente: 
at the right anterior superior spine of the ilium. The neck of the sac measured about 3 or 
4 em. in diameter. The internal oblique and transversus abdominus muscles were freed from 
the neck of the sac. The neck was suture ligated and the redundant portion excised. The 
transversus and internal oblique layers were closed with interrupted sutures and the external 
oblique aponeurosis was reapproximated. The right paramedian incision was closed in 
anatomic layers. 

The pathologic report was multiple fibroids of the uterus and chronic salpingitis and 
perisalpingitis. The incision healed well but the postoperative course was marred by the 
development of a thrombophlebitis of the right leg. This was treated with pressure bandage 
and Dicumarol. The patient was discharged from the hospital on Sept. 6, 1951, as com- 
pletely well except for slight residual tenderness of the right leg. 


The second report is that of a case of spontaneous lateral ventral strangu- 
lated hernia appearing above the inferior epigastric vessels proved by operation. 
In this ease, the hernia sae was clearly associated with a vascular hiatus. 


Case 2.—I. M., a 48-year-old white woman, was admitted to the Flower and Fifth 
Avenue Hospitals on July 27, 1954. She had been in excellent health until about one year 
prior to her admission when she suffered an attack of mild abdominal pain and soreness in 
the right lower quadrant of the abdomen. She had several similar episodes after this but 
all were of short duration and not severe enough for her to consult a physician. No definite 
mass was palpated by the patient during these attacks. 

Three weeks prior to admission she developed a painful mass in the right lower 
quadrant of the abdomen accompanied by crampy abdominal pains, nausea, and vomiting. 
These symptoms lasted for 12 hours but were suddenly and completely relieved with the 
disappearance of the mass following a dose of self-prescribed milk of magnesia and a good 
bowel movement. One week later she had a similar episode but this lasted only a few hours. 

Twenty-four hours prior to admission she again developed a mass in the right lower 
quadrant of the abdomen. The swelling was larger, firmer, and much more tender than before. 
Again she had severe crampy abdominal pains and persistent nausea and vomiting. She 
was unable to move her bowels or expel flatus despite two doses of self-prescribed milk of 
magnesia, The family physician, upon seeing her for the first time, advised immediate 
hospitalization. 

Physical examination on admission revealed a firm, tender mass about 7 by 5 em. in 
diameter located about 3.5 em. below the umbilicus and just lateral to the rectus muscle. 
The skin was not discolored and the mass was not reducible and it did not convey a cough 
impulse. The rest of the abdomen was soft and not distended. Peristalsis was only 
moderately hyperactive. 

A roentgenogram of the abdomen in the supine and erect position, taken shortly after 
admission, failed to show a soft tissue shadow. A minimal amount of air was seen in the 
small intestines but there was no definite evidence of fluid levels or intestinal obstruction. 

A preoperative diagnosis of spontaneous right lateral ventral strangulated hernia was 
made and after adequate hydration the patient was taken to the operating room. Operation 
was performed about 3 hours after admission. A right lower quadrant oblique incision was 
made over the mass. The aponeurosis of the external oblique muscle was incised in the line’ 
of its fibers. A pear-shaped hernia sac, measuring about 7 cm. in length and 2 em. at the 
neck, was found penetrating through a defect in the transversus abdominis and internal 
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oblique layers in the region of the linea semilunaris. It was above the inferior epigastric 
vessels. The contents of the sac were not reducible and it was dark blue to black in color. 
The hernial ring was found to be tight and constricting. A grooved director was passed 
between the sac and the constricting ring and the latter was then cut. At this point, con- 
siderable bleeding was encountered and a vessel coming through the ring was found, clamped, 
and ligated. The sac was opened and its walls were found to be thick and hemorrhagic. 
It contained a gangrenous piece of omentum which was resected. The hernial defect was 
enlarged and the abdominal cavity was explored. At a distance of about 20 inches from the 
ileocecal junction, a portion of ileum was found with a dark reddish-blue discoloration on 
the antimesenteric border for a distance of about 2 em. Hot packs were applied and the 
patient was given oxygen. The serosa resumed a normal glistening appearance and the 
color returned to nearly normal. It was felt that the vascular changes in this Richter’s type 
of strangulation were reversible and that resection was not necessary. The redundant portion 
of the sae was excised. The peritoneum and transversalis fascia were closed with a con- 
tinuous suture. The transversus abdominis and the internal oblique layers were then closed 
with interrupted sutures. The fascia of the external oblique was then closed in an overlap 
type of repair with interrupted sutures. The skin was closed with interrupted sutures. 


The postoperative course was uneventful and the patient was discharged from the 
hospital on the ninth postoperative day (Aug. 5, 1954). She has remained completely 
asymptomatic since the operation. 


SUMMARY 


Spontaneous lateral ventral hernias, or so-called Spigelian or semilunar 
hernias, are discussed with a review of the literature. Two additional cases are 
presented to bring the total number of reported eases to 175. 
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ANEURYSMOPLASTY FOR A LARGE ABDOMINAL 
AORTIC ANEURYSM 


Lucius D. Hint III, M.D.,* Epwarp R. Hipp, Jr., M.D., ** anp 
MerepirH E. Atricu, M.D., CHARLOTTESVILLE, VA., AND 
SEATTLE, WASH. 


(From the Department of Surgery and Gynecology, University of Virginia Hospital, Charlottes- 
ville, and the Department of Surgery, The Mason Clinic, Seattle) 


A A result of the inereasing life span, arterioseclerotiec aneurysms have become 
more and more frequent. Many surgical procedures directed at the eure 
of these lesions have been deseribed and utilized. Beeause arteriosclerotie 
aneurysms are inereasing in frequeney, more importance is being attached to 
all methods applicable to the treatment of these lesions. To date the methods 
used for surgical treatment of abdominal aneurysms have ineluded excision and 
grafting, wiring, wrapping, closure, ligation, and a combination of infolding or 
aneurysmorrhaphy and wrapping. Combinations of these procedures have been 
utilized. All of these methods have been deseribed in detail in previous reports. 
In treating these lesions there has been a continued effort toward simplification 
of proceedures and reduction in the mortality from surgical intervention. The 
method which has received most attention in recent years is excision of the 
aneurysm and insertion of one of several types of grafts, either a homograft or 
a suitable substitute such as Orlon, Ivalon, or other synthetic material. Results 
with this method have been generally favorable but the ultimate fate of these 
grafts remains unknown sinee follow-up of these patients has not been 
sufficiently long. 

While excision and grafting appears to be an ideal procedure, there are 
those patients in whom the operation is unduly dangerous or is not applieable. 
The aged individual, the poor-risk patient, and those patients having aneurysms 
which involve the renal or other strategic vessels present special problems and 
should be treated by the simplest method which is attended by the lowest 
mortality and morbidity and vet is efficacious in eradicating the danger of rup- 
ture of the aneurysm. At the present time the mortality rate from excision 
and grafting of unruptured aortic aneurysms still remains around 13 per eent* 
in the hands of those with a large experience. For those patients who present 
special problems or who are a poor risk, a method of aneurysmoplasty may be 
applicable. This procedure may have been performed by other surgeons but on 
review of the literature we are unable to find a detailed deseription of this 
method or any reference to it. 

CASE REPORT 

CasE 1.—The patient was a 55-year-old man who was admitted to the University of 
Virginia Hospital with multiple complaints including dyspnea on exertion, dizziness, a 10-pound 
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weight loss, and a feeling as though his heart had fallen into his abdomen. Examination 
revealed thrombosis of the right central retinal vein, hypertension with a blood pressure of 
200/110, generalized arteriosclerosis, some pulmonary emphysema, and a very large and 
pulsating abdominal mass obviously representing a huge abdominal aneurysm. Aortagrams 
confirmed the presence of a large abdominal aneurysm which extended up to and ineluded 
the base of the renal vessels. Further laboratory work revealed normal hemogram and 
normal urinalysis. In spite of the fact that this appeared to be an extremely unfavorable 
case, because the aneurysm included and displaced the renal vessels upward, it was felt that 
this patient deserved exploration because of the poor prognosis with an aneurysm this large 
and because he was relatively young. Therefore, on March 6, 1954, he was taken to the 
operating room where, under general anesthesia, a long left paramedian incision was made 
and the abdomen entered. The aneurysm (Fig. 1) occupied the entire region from the 


Fig. 1—Photograph at operation of large abdominal aneurysm involving renal arteries and the 
bifurcation of the aorta. 


bifureation almost to the superior mesenteric artery. The bifurcation of the aorta was 
involved and was quite widened, with the orifices of both iliac vessels being involved. The 
renal vessels seemed to take off from the superior aspect of the aneurysm. The abdominal 
aorta was exposed in its entirety by deflecting the left colon to the right side of the 
aneurysm and by dividing the inferior mesenteric artery. The inferior mesenteric vein was 
deflected to the patient’s right side along with the left colon. The left renal vein was 
stretched tightly across the upper aspect of the aneurysm. After some dissection the operator’s 
finger could be passed around the aorta beneath the renal artery. An umbilical tape was 
placed around the aneurysm just distal to the renal vessels, and a tourniquet was likewise 
placed about the aorta at this point. Occluding clamps were placed on both the iliae vessels 
and the aorta superiorly. The aorta was then opened (Fig. 2) and evacuated of thick heavy 
clot until it was clean. Further inspection revealed that the posterior wall of the aneurysm 
was densely adherent to the vena cava over its entire length and was likewise adherent to the 
iliae veins inferiorly. After the aneurysm had been thoroughly evacuated, an attempt was 
made to suture a homograft within the aneurysm with the thought that this would provide 
a smooth lining over which the redundant walls of the aneurysm might be folded. However, 
beeause the tissue comprising the wall of the aneurysm at its superior extent was so friable, 
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the graft would not hold. The graft was therefore removed. Part of the thinned-out portion 
of the anterior wall of the aneurysm was then excised, and the redundant flap comprising 
the left side of the aneurysm was sutured to the right posterior portion of the interior of the 
aorta to produce an approximately normal caliber of the aortic lumen (Fig. 3). The 


RENAL A. 


RENAL V. 


SUPERIOR 


MESENTERIC A>. KIDNEY 


INFERIOR 
| MESENTERIC A. 


RETRACTED 
TO RIGHT 
SIDE 


URETER & 
SPERMATIC 
VESSELS 


LINEOF 
INCISION 


Fig. 2.—Artist’s conception of aneurysm with inferior mesenteric artery ligated and site of 
incision shown. 


CROSS SECTION 


Fig. 3.—Completed aneurysmoplasty showing the two suture lines with the overlapping walls 
of the aneurysm reinforcing the weakest area of the wall of the aneurysm. 


redundant portion of the right flap of the aneurysm was then carried over anteriorly and 
sutured snugly to the outer side of the aorta on its left posterior aspect. These flaps were 
sutured in place with multiple interrupted 2-0 silk sutures. At the termination of the 
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aneurysmoplasty the clamps were removed, and only one or two small points of leakage were 
found. These were further sutured until the entire aorta was dry (Fig. 4). There was 
very little blood loss from this particular maneuver. The aorta had been occluded for a total 
of 89 minutes. Most of this time had been utilized in attempting to suture a graft in place. 
The actual plastic procedure on the aorta required only a brief period. 


Fig. 4.—Operative photograph of completed aneurysmoplasty showing approximately normal- 
sized aorta with reinforced anterior wall. 


At the end of the procedure the patient was in good condition. The abdomen was closed 
and he was returned to the ward. He had an entirely uneventful postoperative course. Pulsa- 
tions were felt in the feet and popliteal fossae on the first postoperative day. The patient was 
ambulated on his first postoperative day. He has been followed subsequently in the outpatient 
department, and the sausage-shaped aorta which could be palpated on the first postoperative 
day has shown no evidence of expansion. The patient continues to do a normal day’s work 
and was readmitted to the University of Virginia Hospital on Jan. 9, 1956, for repair of a 
right inguinal hernia. Complete examination at this time revealed no change as far as could 
he determined in the dimension of the abdominal aorta. There were excellent pulsations of the 
femoral, popliteal, dorsalis pedis, and posterior tibial vessels. The patient underwent a right 
inguinal herniorrhaphy and had an entirely normal convalescence. At the present time he 
continues to work and feels well. 


DISCUSSION 


Several important considerations have been raised by this ease, and many 
interesting problems were presented to us during and preceding the operation. 
First, it should be noted that at the time of this operation resection of the renal 
vessels had not been attempted. Although this was contemplated in this 
instance, it was considered dangerous. 

Abdominal aneurysms involving the renal vessels are apparently uncommon. 
Bahnson! has stated that extension of the aneurysm above the level of the renal 
arteries is in his experience an uncommon occurrence, particularly in arterio- 
sclerotic aneurysms. He reports only two instances of arteriosclerotie abdominal 
aneurysms involving the region of the renal arteries. At the time of his report 
resection of one of these aneurysms was attempted after the patient had had a 
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rupture of the aneurysm, and although the resection was performed the patient 
died on the fourth postoperative day. The other patient, in which the aneurysm 
was known to extend above the renal arteries, was a 74-year-old man, free of 
symptoms, in whom the operation was not attempted. 

In this ease, as in any large abdominal aneurysm, one is confronted with 
several problems. The most important consideration is the possibility of subse- 
quent rupture which constitutes the cause of death in abdominal aneurysms in 
63 to 81 per cent of cases.2* 7 According to Javid and associates® patients 
whose most outstanding clinical feature of their generalized arteriosclerosis is 
an abdominal aneurysm relatively infrequently die of other complications of 
arteriosclerosis such as cerebral vascular accident or coronary occlusion. It has 
been generally agreed, therefore, that the most important consideration from 
the therapeutie standpoint is the prevention of rupture of these aneurysms. 
At the time of this operation it was noted that the aneurysm had developed 
apparently at the expense of the anterior wall of the aorta which was thinned 
out remarkably. The posterior wall, in contrast, appeared to be quite sub- 
stantial. It was, therefore, felt that although rupture was imminent that it 
would occur through the anterior wall and that the posterior wall of the 
aneurysm was comprised of vessel of practically normal thickness. 


The ingenius work of Holman® has suggested that a multiplicity of 
factors are involved in the development and the progression of aneurysms. 
His work suggests that a point of narrowing is first produced in the vessel by 
atheroselerotie plaque or other defect and that the point of narrowing produces 
eddies and turbulence of the blood flowing through the vessel, and that this 
turbulence causes undue stress on the vessel wall, causing dilatation, which then 
leads to the production of ever-increasing lateral pressure. From these observa- 
tions it is obvious that if the lateral pressure ean be offset by the production of 
a normal-sized lumen in a vessel that one of the fundamental causes of dilatation 
will be eliminated. In addition, by cleaning out as many of the plaques as 
possible from the interior of the aorta, points of narrowing or defects which 
might give rise to turbulence ean be largely eliminated. 

In diseussing the hemodynamics of aneurysmal dilatation, Lillehei® stressed 
the LaPlace principle which states that ‘‘the tension or lateral pressure of the 
wall of a hollow viseus varies directly with its radius of curvature.’’ In this 
diseussion Lillehei described a method of restorative aneurysmectomy consisting 
of excision of nearly all of the aneurysmal sae, leaving only enough remaining 
to reconstruct an aortic lumen of normal ealiber. Lillehei apparently did not 
utilize the wall of the aneurysmal sae to reinforee the vessel but did reconstitute 
a normal aortic lumen by his procedure. He eoneluded that ‘‘if one reduces an 
aneurysm to a normal caliber by excising most of the sac, then the remaining 
wall, although abnormal in histologic structure, has nevertheless an increased 
safety factor of strength directly proportional to the ratio of reduction achieved 
in the diameter.’’ As has already been mentioned here, the likelihood of reeur- 
rence of dilatation is doubly offset by not only decreasing the diameter to 
approximately a normal lumen but reinforcing the vessel with a double layer 
of viable tissue anteriorly. 
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At the time of operation on this patient the size of the aneurysm and the 
thinness of the anterior wall suggested that his life expeetaney was certainly 
not more than 6 months. It is now generally agreed, and has been substantiated 
by several excellent reviews of the history of aneurysms, that the average sur- 
vival after the diagnosis of abdominal aortic aneurysm has been made is less 
than 3 years. Estes* reported that 33 per cent of patients with abdominal aortic 
aneurysm were dead within one year after the diagnosis was made. By perform- 
ing the aneurysmoplasty and overlapping the walls of the aneurysm, the possi- 
bility of rupture was offset by reinforeing the anterior wall of the aorta, which 
apparently was the weakest point, by two layers of viable tissue placed one over 
the other. It should be emphasized that the tissues used in this procedure are 
the patient ’s own, and not only are viable but have a blood supply through the 
adventitial vessels so that the tissues should continue to survive, in eontrast to 
a prosthesis, whether it be a homograft or a vessel substitute. 


SUMMARY 


A ease of large abdominal aneurysm has been presented. The aneurysm 
involved the renal vessels as well as the bifureation of the aorta. It was thought 
that exeision would be hazardous. plastic procedure performed on the 
aneurysm is deseribed. The patient has been followed for 2 years and is 
entirely well, without evidence of expansion of the aneurysmoplasty. This 
procedure is adyoeated for those aneurysms in whieh excisional therapy is 
deemed unsafe, either because the patient is a poor risk or the aneurysm itself 
is so situated or is of such size that resection would be hazardous. This method 
is simple and safe and should be attended by a lower mortality and morbidity 
than resection and grafting. If long-term follow-up demonstrates that reeur- 
rence of the aneurysm is no more likely with this procedure than with excision 
and grafting, aneurysmoplasty should become more widely applicable. 

Sinee the writing of this report the senior author has performed an 
aneurysmoplasty on an aneurysm which was almost identieal in size to the lesion 
reported here in a 67-year-old patient. This patient is well 2 months following 
operation. 
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MASSIVE HEMORRHAGE RESULTING FROM BENIGN ULCERATION 
IN A PRIMARY DUODENAL DIVERTICULUM 


J. LyNwoop HERRINGTON, JR., M.D., NASHVILLE, TENN. 
(From the Edwards-Eve Clinic) 


RIMARY duodenal diverticula were regarded as pathologic curiosities 

prior to the advent of the roentgen ray. They are now encountered with 
relative frequency and are estimated to exist in 1.5 to 5 per cent of individuals 
subjected to upper gastrointestinal studies... Ackerman! reported a higher 
incidence from necropsy material and, by employing a plaster of Paris cast 
of the duodenum, was able to demonstrate diverticula in 22 per cent of 50 
unselected subjects. According to Ackerman, these diverticula are possibly 
congenital in nature and represent attempts at the formation of a supernu- 
merary pancreas. The pancreatic anlagen cause local defects in the muscu- 
lature, and the outpouching results from intestinal atony, intraduodenal pres- 
sure, and advancing age. 

Diverticula are usually encountered in the perivaterian or infravaterian 
portion of the duodenum on the coneave border, which is morphologically the 
mesenteric surface, and may be embedded in the head of the panereas. Less 
commonly, they present from the posterior aspect of the convex border and 
are usually single, but the presence of 2 or 3 diverticula is not uncommon. 

Aside from their mere presence, duodenal diverticula do little else to 
arouse the interest of the clinician except, in occasional instances, where they 
give rise to clinical symptomatology. Only on rare occasions are symptoms of 
such a degree as to warrant surgery. This is exemplified by the paucity of 
reports of large series of cases by an individual or institution interested in 
this subject. Zinninger’! mentioned only one operated ease on the ward 
service of the Cincinnati General Hospital and, in addition, cited only 6 private 
cases operated upon by surgeons in the Cincinnati College of Medicine during 
a 10-year period ending in 1952. There have been no operations for removal 
of a primary duodenal diverticulum at the Vanderbilt University Hospital 
during the past 15 years and only 2 such eases at Saint Thomas Hospital. 
That extreme caution must be exercised in advising surgery is exemplified by 
the report of Waugh’ in which definite benefit from operation was obtained 
in only slightly over 50 per cent of a series of 30 patients. Cattell? noted re- 
lief of symptoms in but 60 per cent of 25 patients treated by surgery. Both 
authors stress the definite morbidity and mortality associated with removal 
of diverticula in the third and fourth portions of the duodenum. 

In the uncomplicated ease, with pain as the presenting symptom, a thor- 
ough survey of the gastrointestinal tract and biliary and cardiac apparatus 
should be performed before the duodenal diverticulum is incriminated. 
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COMPLICATIONS 


The complications of duodenal diverticula have received attention in the 
form of isolated ease reports and perhaps constitute the chief indication re- 
quiring surgery. Seldom is the correct diagnosis made prior to operation. 
Among the complications, perforation appears to have been encountered most 
frequently. The operative finding of acute inflammation of a duodenal diver- 
ticulum before perforation has ensued, apparently, is rare indeed. 


Instances of diverticula producing pressure on the panereatie duct with 
resulting pancreatic necrosis have been cited by Ogilvie.’ Cases of duodenal 
obstruction and obstruction of the common duct produced by diverticula have 
been reported. Malignant neoplasms have also been deseribed in the wall of 
a duodenal diverticulum. 


Most writers mention hemorrhage as a complication but an exhaustive 
review of the literature reveals this likewise to be rare. The few case reports 
are, for the most part, inconclusive and are not backed by definite econforma- 
tion of the existence of proven ulceration.*® 

The purpose of this communication is to cite what is apparently the first 
published case of massive hemorrhage resulting from benign ulceration in a 
primary duodenal diverticulum in which the ulcer crater was demonstrated 
by roentgen examination and the diverticulum was excised as an emergency, 
lifesaving procedure. 


CASE REPORT 


A 47-year-old white man was admitted to the hospital shortly after having experi- 
enced a massive hematemesis, History revealed that he had suffered intermittent, burn- 
ing, epigastric discomfort over a twenty-year period, and repeated gastrointestinal series 
elsewhere were said to have demonstrated a duodenal ulcer, There was no history of 
previous hemorrhage and no excessive alcoholic intake. 


Examination revealed a well-developed man, very apprehensive and restless, and 
with pronounced pallor of the skin and mucous membranes. Blood pressure was 80 sys- 
tolic and pulse was 130 per minute. No appreciable abdominal tenderness was present, 
and the liver and spleen were not palpable, The initial hematocrit was 30. 


During the ensuing 36 hours the patient was given 5,000 c.c. of whole blood, but 
the blood pressure remained below 100 systolic and several tarry stools were passed. 
Surgical intervention was decided upon and, while the operating room was being readied, 
the patient was taken to the X-ray Department and a gastrointestinal series was per- 
formed. In spite of his weakened condition, he was able to cooperate adequately. Barium 
study revealed no abnormality of the esophagus or stomach, A deformity of the duodenal 
bulb was noted but no crater was visualized. As the barium column traversed the duo- 
denal loop, a large diverticulum was seen arising from the third portion of the duodenum. 
The radiologist felt that an ulcer crater existed in the wall of the diverticulum, and x-ray 
films confirmed this impression (Fig. 1). 


Operation—At exploration the stomach appeared normal, but there was evidence of 
scarring about the anterior wall of the duodenal bulb with minimal periduodenal adhesions 
present. The pyloric end of the stomach and proximal duodenum were opened but no 
blood or other abnormality was noted in the stomach. No ulceration was seen in the bulb 
and finger palpation of the lumen of the descending duodenum was not remarkable. Blood 
was noted to exist in the lumen of the proximal jejunum, so attention was next directed 
to exploration of the entire duodenum. Using the method cited by Cattell,® the third 
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and fourth portions of the duodenum were explored, After some dissection, a large di- 
verticulum was seen to arise from the posterior surface of the convex border of the trans- 
verse duodenum. The diverticulum measured approximately 5 em. in length and approxi- 
mately 1.5 em. at its base. An ulcer crater could be palpated on the anterosuperior wall 
of this structure not far from its junction with the true duodenum, The diverticulum 
was excised and fresh blood clots were seen to fill the duodenum. The resulting defect 
in the duodenum was closed transversely with two rows of fine catgut and an outer layer 
of interrupted silk. Immediately following control of the hemorrhage, the patient’s gen- 
eral condition improved greatly, therefore a 70 to 75 per cent gastric resection was per- 
formed, utilizing a retrocolic Hofmeister anastomosis. The first portion of the duodenum 
was likewise removed. 


A. B. 


Fig. 1.—Gastrointestinal series showing the presence of an ulcer crater in a duodenal diver- 
ticulum. 


Postoperative Cowrse.—Following operation, the patient had a smooth hospital course. 
No complications developed and he was discharged on the fourteenth postoperative day. 


Pathologic Report.—No abnormal findings were noted in the resected stomach speci- 
men, There was evidence of fibrosis and scarring in the attached duodenal segment but 
no evidence of ulceration. In the wall of the diverticulum was an uleer crater measuring 
0.6 em. 


Follow-Up.—Over a 2% year follow-up, the patient has been entirely asymptomatic. 


COMMENT 


This case presented several interesting facets. It was assumed from the 
patient’s history and previous roentgen findings that he was bleeding from a 
duodenal ulcer. Had not the preoperative roentgen study been carried out, 
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knowledge of the presence of a diverticulum would not have been appreciated. 
This serves to stress the importance of performing barium studies on patients 
with massive upper gastrointestinal tract bleeding for, on occasion, valuable 
information may be obtained without detrimental effects on the patient. If 
existence of the diverticulum had not been known at the time of surgery, it is 
quite possible that even the most experienced operator might have performed 
a radical subtotal gastrectomy and overlooked the source of bleeding entirely. 
Unless a diverticulum is sought for it can be easily missed. Its presence is not 
readily apparent even after obtaining adequate visualization of the entire 
duodenum. The sae is usually buried in pancreatic tissue or else lies parallel 
against the wall of the true duodenum. Adequate access to the duodenum 
was obtained in this case by incising the lateral fold of the right colon, mobi- 
lizing the hepatic flexure and proximal transverse colon and freeing the avas- 
cular peritoneal attachments of the entire small-bowel mesentery. Thus a re- 
versal of the anatomic embryologie rotation of the colon and small bowel was 
obtained and these structures were displaced to the left. When the diver- 
ticulum is located to the right of the superior mesenteri¢ vessels, some prefer 
an exposure through the superior leaf of the transverse mesocolon, and for 
diverticula located to the left of the vessels, exposure from below through the 
inferior leaf of the transverse mesocolon can be obtained. When the diver- 
ticulum is located in the second portion of the duodenum, the standard Kocher 
maneuver, reflecting the duodenum anteriorly and to the left, gives ready ac- 
cessibility. Additional measures which may be of benefit in exposing and re- 
moving these structures are air insufflation of the duodenum, intubation of the 
common bile duct, and finger palpation and dissection of the sae. 

Following excision of the uleer-bearing diverticulum in the case under 
consideration, the patient’s general condition improved greatly and gastric 
resection appeared justifiable on the basis of the long-standing duodenal uleer. 
As mentioned previously, there was no evidence of ulceration either grossly 
or on microscopic study of the gastric specimen and attached duodenal rem- 
nant. 

SUMMARY 


A case of massive hemorrhage resulting from benign ulceration in a duo- 
denal diverticulum has been presented. 

After a search of the literature, this appears to be the first recorded case 
of massive hemorrhage from ulceration in a primary duodenal diverticulum 
which was conclusively demonstrated by roentgen study and subsequently at 
operation. 
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Book Reviews 


CONDUCTED BY J. GARROTT ALLEN, M.D. 


The Principles and Art of Plastic Surgery. Sir Harold Gillies and D. Ralph Millard, Jr. 
Foreword by Jerome Pierce Webster. 2 volumes, Boston, 1957, Little, Brown and 
Company, pp. 690 with 2,472 ill., 122 in color. $35.00. 


This 2-volume work presents vividly the development and attainments of plastic surgery 
during the first half of the twentieth century. Sir Harold Gillies is unquestionably the fore- 
most English plastic surgeon of this period. This very objective and yet supremely human 
account of the growth of a surgical specialty is at one time, therefore, both a valuable his- 
torical document and a delightful autobiography of an important figure of the age. Within 
the pages of this book we are permitted to relive the decades with Sir Harold, to share in 
the thinking of his keenly analytical mind, and to see the results of his superb ingenuity. 

This work is also a very important addition to the textbooks in general plastic surgery. 
As Dr. Jerome Webster has stated in his foreword: ‘‘Gillies’ first book, Plastic Surgery 
of the Face (1920) ... was a landmark in the history of plastic surgery that reaches back 
for many centuries.’’ It was one of the basic treatises on which modern plastic surgery 
was established. This present work provides the student and specialist with a source book 
unsurpassed in the field. Initial basic surgical principles, anesthesia, and technical aids are 
presented. Skin grafting is illustrated. A brief section is provided on inlay grafting; this 
method of repair was first applied by Sir Harold for reconstructing eyelids and resurfacing 
the mucosal surface of the mouth. 

The second section of the first volume is aptly captioned ‘‘Flap Happy.’’ Rotation 
flaps and scalp repairs are outlined. The discussion of direct flaps includes a step-by-step 
account of the transfer of a large arm-carried abdominal flap to the face. The application 
of flaps in the management of lymphedema is included. The many uses of the forehead 
flap are profusely illustrated. 

Gillies devised and popularized the tube pedicle flap. The opening paragraph on this 
subject serves well to illustrate the keen wit and vast experience which forms the foundation 
of this textbook. ‘‘If all the pedicles that I have made and those my assistants have made 
were laid end to end, by calculations at two and one-half pedicles per week, they would string 
like sausages from Buckingham Palace down the Mall, straight on through the Admiralty 
Arch to Trafalgar Square and halfway up Nelson’s monument. It is my ambition that 
before my last pedicle is made we will reach the top of this famous pinnacle with at least 
one pedicle left to go into the Admiral’s palate.’’ 

‘*Most congenital’’ is the topic of the third division. Cases portraying the recon- 
structive methods applicable to the treatment of large hairy nevi, hemangiomata, postopera- 
tive cancer deformities, and esophageal defects are included. For this atomic age, a very 
timely chapter is devoted to the repair of radiation injuries. Cleft lip and palate repairs 
are considered. The paragraphs on lip closure are brief and minus detail. Reference is 
made to specific descriptions. These must be studied by the novice if he is to understand 
the basie patterns. Secondary sundry procedures and flap repairs are thoroughly considered. 
After several pages devoted to a diversity of lesser topics, the remaining portion of this 
division concerns itself with the correction of abnormalities of the male and female geni- 
talia. Vaginal constructions receive minor consideration and methods frequently used are 
omitted. 
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The cosmetic aspects of plastic surgery form the topies for the fourth main chapter 
of the book. Face lifts, rhinoplasty, mammoplasty, and lipectomy are among the operative 
procedures covered. This section has also a most unusual and personally frank discourse 
on the business aspects of private practice. The ‘‘out-of-town case,’’ etiquette, records, 
and ethics are included. The doctor-patient relationship is reviewed. Sir Harold then 
elaborates on the fee and causes for reduction of the surgical cost. 

Almost 200 pages are devoted to the management of traumatic deformities sustained 
in peace and war. This section is elaborately illustrated and most interesting. Burns, hand 
injuries, and lip trauma are included along with eyelid and socket repairs and the correction 
of facial paralysis. Fractures of the facial bones, the correction of frontal defects, and 
more involved surgery of the mandible and maxilla receive attention. Homografting is 
presented both on an historic and twentieth century basis. 

‘*4 Day in Clinie’’ constitutes a fitting climax to this work. It provides a rare oppor 
tunity to make rounds with one who has contributed much and knows his specialty as few 
men do, 

These 2 volumes may be profitably and enjoyably read by all members of the profession. 
It is classic reading for the trained plastic surgeon and an excellent textbook for the student 
of the specialty. It should be the possession of all plastic surgeons and deserves a_ place 
on the shelves of every medical library. The work is profusely and well illustrated. The 
color plates are beautiful. The print is very satisfactory. The volumes are neatly and well 
bound in gray and green. The price is reasonable. 

—Gordon Letterman 


X-Ray Technology. Charles A. Jacobi, and Donald E. Hagen. St. Louis, 1957, C. V. Mosby 
Company. Pp. 410, 320 ill. $9.75. 


This is a practical outline of x-ray technique to be used in the basic instruction of 
students in this field. It may also be useful for technicians in practice, although its scope is 
limited. The authors have crowded a great deal of material into a small space. Much of 
the volume is taken up by illustrations of positioning, largely borrowed from Merrill’s more 
elaborate book on this subject. There is insufficient material on nursing techniques as ap- 
plied to radiography, a defect of many books on x-ray technique. The student technicians 
after absorbing the material in this book will need a more elaborate book on positioning; 
they will also need instruction in the methods for formulating new techniques. Nevertheless 
it is a well-organized, concise, and complete presentation of the basic principles and can be 
recommended. 

—Leo G. Rigler 


Occipitoposterior Positions. Edward L. King. Springfield, Ill., 1957, Charles C Thomas, $3.75. 


This authoritative monograph provides a rational basis for the management of posterior 
positions of the occiput. 


The fundamental contributions to this subject have been critically reviewed. The 
various postural and operative techniques for the management of this position have either 
been abstracted or quoted verbatim from the original source, and appropriate illustrations 
have been reproduced. 

It is pointed out that, in the absence of cephalopelvic disproportion, Cesarean section 
is not indicated in the management of the occiput posterior position and that internal 
podalie version is contraindicated in the treatment of dystocia resulting from this position. 

The author emphasizes the fact that problems resulting from occiput posterior positions 
can be solved by means of pelvic evaluation, careful observation of the progress of labor 
with ample time being allowed for spontaneous rotation of the occiput, and operative inter- 
ference when indicated. If interference is necessary, it is felt that the obstetrician should 
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select that method for the rotation of the fetal head for which he is best qualified by training 
und experience to employ. 
This excellent review constitutes a valuable contribution to current obstetric literature. 
—Charles P. McCartney 


Proctology. H. E. Bacon, Stuart T. Ross, and P. M. Recio. Philadelphia, 1956, J. B. Lippin- 
cott Company. Pp. 441, 228 ill. $10.00. 


Dr. Bacon and his associates are well known in the field of proctology and have con- 
tributed previous books on this subject. The present text is well printed and encompasses 
the complete subjeet of proctology, including both surgery of the coloreetum above and of the 
anorectum below. These subjeets are covered in an authoritative manner and the book is, 
generally speaking, a first-class text. 

Certain negative features of the book might be improved in a new edition. Thus, on 
page 228 the spelling of Rehn, a famous German surgeon, is incorrect. In addition there 
is no bibliography and certain newer points concerning the anatomy of the anoreetum have 
not been brought out. These particular points concerning the anatomy include recent studies 
from the British literature, particularly by Parks, Goligher, and Eisenhammer. 

Despite these minor drawbacks, which in some instances might be controversial, the 
book is an excellent one with a good index. The discussion of the preoperative and _ post- 
operative care is adequate. 

This book is recommended for specialists in the field of proectology, for general surgeons 
who do proetology and for residents who are studying proctology as a part of their training 
in general surgery. 

—Henry N. Harkins 


General Urology. Donald R. Smith. Los Altos, Calif. Lange Medical Publications. 


This text, which covers the entire field of Urology, is to be commended for its thorough- 
ness, readability, and clarity. It is amply and remarkably well illustrated, both with excel- 
lent drawings and x-ray reproductions, and systematically describes the pathology, clinical 
findings, differential diagnosis, complications, and therapy of the various urologic disease 
entities. 

The author does not attempt to present the text as the definitive work in the field of 
Urology, but rather as a rational and logical approach or attitude toward the specialty of 
Urology, particularly for the student and practitioner. 

One may, without reservation, recommend this text as a valuable addition to all medical 
collections, 

—Henry 8. Inouye 


Plastic Repair of Genito-Urinary Defects. George Bankoff. New York, 1954, Philosophical 
Library. $17.50. 


The author who purportedly intended this text to be a résumé of plastic urologic 
technique has sueceeded only in the promise of brevity. In a book of 354 pages, roughly 
one-third of the space is occupied in a sketchy description of anatomy and the problem of 
fertility; the latter is hardly in the province of plastic surgery. Of the 2 reasons given for 
Writing the text—a discussion of the physiologic importance of urologie defects and the 
necessity for a concise treatise on available repair teehniques—neither is satisfactorily accom- 
plished. Information on technique is incomplete and, without bibliography, unsatisfactory. 
Furthermore, little attention is given to the problem of physiology or pathology. This is 
most noticeable in the discussion of ureteral transplantation where the problems inherent in 
the various locations of ureteral transplantation are not discussed, 


Though the text is readable, it is not always clear as in the paragraph on orehieetomy 
for prostatie carcinoma, where the description of the procedure involves a radical periaortic 
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and iliac node dissection, hardly mundane to the problem of prostatic carcinoma. This 
vagueness is, however, compensated for by enthusiasm. In a description of a sling-type 
operation for urinary incontinence, the author states that “only one or 2 cases have failed,” 
a statement difficult for even the uninitiated to believe. Lastly, though amply illustrated, 
the art work is at best second-rate and unprofessional in many instances. 

—Henry 8. Inouye 


Gynecologic Surgery and Urology. Thomas L. Ball. St. Louis, Mo., 1957, The ©. V. 
Mosby Company. 


This outstanding work deals with pelvic surgery in the broad sense of the term. It is 
authoritative, concise, stimulating, and practical. 

Minor and major gynecologic surgical techniques are thoroughly covered. Chapters 
dealing with irradiation therapy, the evaluation of the patient with stress incontinence, and 
those aspects of hernia repair, urologic and intestinal surgery which are of practical im- 
portance to the gynecologist, are included. 

The general plan of this book is admirable. The clinical aspects of a given entity are 
reviewed. The surgical principles on which its management is based are outlined and the 
topographic anatomy pertinent to the specific operative procedure employed is described in 
parallel with the surgical technique. Each operative step is thoroughly discussed and 
illustrated in detail. The inclusion of a section dealing with pediatrie-gynecologic surgery 
and the comprehensive coverage of preoperative and postoperative care and the manage- 
ment of postoperative complications enhances the value of this book. 

This eminently practical book is an expertly integrated and correlated compendium of 
modern gynecologic surgical principles and operative technique and is a valuable contribution 


to current medical literature. 
—Charles P. McCartney 


